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% Chapter 1
INTRODUCTION

This remedial investigation (RI) report for the Charlevoix
site in Charlevoix, Nichigan, is prepared in partial satis-
faction of Contract Mo. 68-01-6692, Work Assignment

No. 46.5L53.0, and the Final Work Plan Tasks 1 through 4.

1.1 BACKGROUND SUMMARY

The City of Charlevoix is located in northern Michigan on
the shore of Lake Michigan (Figure 1-1).

The year-round population of 3,500 residents and the summer
influx of an additional 1,500 part-time residents of Charle-
voix are supplied with potable water from a caisson and flume
collection system burlell in beach deposits 80 feet from the
Lake Michigan shorelime (Figure 1-2). Two 225-foot flumes
extend from the caissom parallel to the lake shore, receiving
water from the groundwater system and from infiltration of
Lake Michigan water through the beach sands.

In September 1981, the Michigan Department of Public Health
(MDPH) detected trichloroethylene (TCE) ranging in concentra-
tions from 13 ug/L to 30 ug/L in tap water from the Charlevoix
water supply system. A monitoring program was begun and
continued to detect gradually rising levels of TCE at the
well. In December 1982, concentrations of TCE exceeded

100 ug/L at the well. At that point, the city installed an
emergency diffused aeration system in the caisson to remove
some of the TCE. Based on water quality data, the aeration
system is able to remove 30 to 40 percent of TCE. With this
diffused aeration system operating, concentrations of TCE in
the water supply system have generally been below 50 ug/L.

In June and July 1982, the EPA's Technical Assistance Team
(TAT) drilled 13 test wells in the vicinity of the water
intake structure without locating the source of contamina-
tion. Sampling of the test wells found varying concentrations
of TCE and perchloroethylene (PCE). Crloroform (85 ug/L)

and toluene (1 ug/L) were also identified in one well (T5)
upgradient from the flume. No consistent results or identi-
fiable plume for chloroform or toluene were found during the
remedial investigations,

TCE and PCE are chlorinated organic compounds that are widely
used in various industrial processes. TCE was first prepared

in 1864 and found minor use as an anesthetic in 1933 to 1934. c§7ﬁ5

TCE is a primary component in degreasing operations, caffeine
extraction from coffee, dry cleaning, and as a chemical inter-

mediate in the production of pesticides, resins, waxes, varnishes

and other specific chemicals. PCE, (tetrachloroethylene or

- e T T X S U R e o S D

2



L&-c:w-: i;.v:'-:r»ﬁ :‘7: e ) ”‘" . R : (] : - r‘ 7 ,— - [ ;; ‘;w,‘:y." ‘;\,’ "“”i
S
. . : P
4 . N .‘ | K] |
\\\ 4 l-\“’ .,,;{"/ l
b -
WMCHIGAN CHARLEVOIX
AREA SHOWN
ON FlGUHﬁ]-Z
LOCATION )
Bowth Point .
CHARLEVOIX 4
YIRS .
. ‘CuAlnLEvont
P
Twomile Pnlnt,l.
__________ [
|
|
M: ) s, '(? "l'}\\ ) )
R oy T\ 4
el SRy 4 :
%ﬂ””\- LD ‘
- N b LR R ' '
..-""4 '.u R 4' - . e
Lo n
e WY T o o e A
i |
N O '
o B | ! 'L
|
NV

[T 14

Trontop’

-
» gL .
re Xl ot L]
’ ’50 n i 3 Eunnd g
e X = RO _._,._._L.»- - ._-LJ‘___ PR -
Scale 1.62,500

FIGURE V-1

Source: USGS 16 MINUTE QUADRANGE:
CHARLEVOIX AND BAYSHORE

VICINITY MAP
CHARLEVOIX SITE

R e v e Y g ern.T g

TERGRT PR AT L

RV A e s

R . 2. ast o



AR . - —— . B — _ Nmmis 2 e
[ ot O [ v ) W o T ssvenl . . T P | b omd  S0tee | e | b il o] [ ] [ ] a8

JL__ I -

&  EXTING MOMITONNS WL.L -
WSTALLED BOPORE JANUARY 10

O SORING LOCATION - IDRORMBSR 19880

MONA Wi L
L]
A\

Lt
—

L CLINTON §T. ] [ ] RO LAKS

* r ] |
_ LT Cssonse]
R e g //mnm 8. ] l | [_
= N\ _ ~ e oIl s o-odiig
) d ] G || e |
/ g 3 5.| ‘Ts‘-m_ =i "? L—. cr' mm_____a
t § l 3j UPRIGHT AVE.
I Y
L. LINCOLN AVE. al
A .@ )
D -
% |
WESTWOOD ’:" w000 g
5 _T g
" GREEN L_//,
/ ‘ s
T LT T I I T T L— - A_.‘ .-—————-—7
f FIGURE 1-2
/ ; mlwl "uTe




perchloroethylene) is a clear, colorless, nonflammable liquid.
It has been widely used as a dry cleaning agent, degreaser,
chemical intermediate and a fumigant.

The U.S. EPA has proposed recommended maximum contaminant
levels (RMCL's) for trichloroethylene and tetrachloroethy-
lene of "O" in drinking water. The Clean Water Act, water
quality critegga for human health, drinking water only estab-
lished the 10 rggk level for TCE at 28 ug/L and for PCE at
8.8 ug/L. The 10 rigsk level is defined as that concentra-
tion which would be expected to result in one addition inci-
dence of cancer in a population of 100,000 persons exposed

to that concentration for an average lifetime of 70 years.

1.2 PROJECT PROGRESSION

The remedial investigation of the Charlevoix site began in
September 1983. Preliminary field work began in September
and was completed in December with the installation and samp-
ling of 12 borings and monitoring wells. The second major
phase cof field work began in July 1984 and included soil
borings, monitoring well installation, water sample collec-
tion, water level data collection and air monitoring. In
August 1984, additional water samples and water level data
were collected.

s B !

LY

[ Data collected in December 1983 indicated that concentrations
of TCE and PCE in the groundwater moving toward the water
supply well were much higher than previously measured. A
o Focused Feasibility Study (FFS) was initiated in early 1984
because of the potential health hazard to Charlevoix residents
‘ presented by the contaminated drinking water supply. The
purpose of the FFS was to evaluate Immediate Remedial Measures
' (IRM's) that could be implemented to provide a safe drinking
v water supply. The FFS recommended that a lake water intake
structure and filtration/flocculation plant be constructed
to provide Charlevoix residents with a new water supply.

At the completion of the RI, a Feasibility Study (FS) will
be conaucted to evaluate other remedial action alternatives
based on criteria established by the National Contingency
Plan in addition to constructing the lake water intake for
protecting the public health, welfare, and environment from
contaminated groundwater and soil that remain in Charlevoix.

GLT441/84
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Chapter 2
SITE INVESTIGATIONS

The objectives of the site investigations were:
o Determine the location and extent of contamination
o Locate and quantify the source of contamination

To accomplish these objectives a series of field activities
were initiated that included soil borings, monitoring well
installations, collection of water samples, field analytical
work, air monitoring in suspected confined air spaces and
water level mapping. The field activities were organized
into two tasks: source identification and source quantifica-
tion.

2.1 SOURCE IDENTIFICATION

The three objectives of the source identification task were
te:

1. Identify the source(s) of groundwater contamina-
tion in the Charlevoix municipal well.

2. Define the vertical and areal extent of the TCE
and PCE contamination.

3. Define the pathway of contaminant transport through
groundwater flow to the murnicipal well.

The source identification task was divided into the following
subtasks:

o) Monitoring well installation

o) Ficld hydraulic conductivity testing

o Groundwater sampling and analysis

o] Water level monitoring and water table mapping

2.,1.1 MONITORING WELL INSTALLATION

In the initial site visit and data gathering efforts several
potential sources of contamination were identified (Figure 2-1).
The initial boring locations were planned to identify which

of the potential sc..rces were actually releasing contaminants
to the agquifer and to define the extent of the contaminated
plume.
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and six monitoring wells were

pix site in December 1983. These

3 200 series wells in maps and figures.
orings and monitoring wells drilled
jeld work are shown in Figure 2-2,

ng locations (201, 202, and 203) were
othetical plume that would have been
generated from the : suspected source areas {(Art's
Drycleaners and the N¥ewman Street Dump). No defineable plume
was found at these Tdcations. Additional boring locations
were selected by the gite hydrogeologist to either identify

or discount other potential contaminant sources. Water samples
were collected with 8epth using a screened auger and analyzed
with a portable gas &hromatograph (Photovac) unit. Monitoring
wells were installed In bore holes where contaminants were
detected or at locatioms where water level data points were
needed to define the groundwater surface. Details of the
borlng and monitor ‘9911 installation program are included
in Appendix A (Task 5 .. ical Memorandum).

Six borings wvere
installed at the
borings are indicat
The locatlons of a
during this phase 4
The initial three b

2.1.2 HYDRAULIC coua‘ﬁcuvmy TESTS

A measure of the ability of an aquifer to transmit water or
other liquids is represented by the hydraulic conductivity
or permeability of the aquifer. Hydraulic conductivity
usually varies from place to place in an aquifer and also
may vary dependlng on ich dlrection the fluid in the aquifer

ARSI, 1 al hydraulic conductiwity
-one hundredth o€ ¥he

: i In order to estimate the

rates of groundwater movement and also approximate contami-
nant movement in an aquifer information on the aquifer
hydraulic conductivity must be determined.

The method used for this investigation for estimating hydraulic
conductivity consisted of displacing a known volume of water

in each well, allowing the well to stabilize, removing the
displacement tool and rapidly monitoring the recovery of the
well to equilibrium again. Each well responded differently

and some recovered too rapidly to acquire more than 2 or 3

data points. However, the response of :he wells fell within

the same general range of values and provided reasonable

data for evaluation of groundwater flow rates, aquifer perme-
ability and contaminant transport. The range of hydraulic
conductivity values obtained from these test were from 20 ft/day
to 140 ft/day. Based on the aquifer response a value of

100 ft/day was used as a representatlve value Sor the aqulfer
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2,1.3 GROUNDWATER SAMPLING AND ANALYSIS

analysis by a field-portable GC unit (photovac) and laboratory
analysis of samples collected and shipped to an EPA certified Ct"
lab., The field unit was used to provide quick turnaround of A \1
samples to allow the field hydrogeologist to make rapid deci-

sions on monitoring well locations, plume concentrations and

safety assessments. The laboratory data were used as confir-
mation of the field data, analysis for additional compounds

and lower detection limits.

Groundwater quality data were collected by two methods, field ftﬁ

Groundwater samples were collected in December 1984 from the
existing welll and 200 series wells installed in December
: - ;3;g,1aq roipd provided
'”*5 s did not unequiwvo-

' : iinat . This sampling
round also discovered a contamlnated plume of PCE southeast

from the TCE plume. of the #sta iadicated furthey
xntor-atﬁon f{v;” ol , . Spurce area and:-to

bettsi defl “Sontaminated With PCH. .
A new round of water samples were collected in July 1984, t
prior to installing any additional wells or borings. These @ 405
samples were analyzed on site with the field GC unit and

duplicate samples sent to a laboratory for analysis. Using bﬂ M*%!,

these results additional borings were initiated in late July o

to address the above objectives. These boring are indicated - ‘0 LL

as 300 series borings on Figure 2-3. Vb F
'4\&

‘1,%3”}_r¢» gggiaairiggples .vere collected in August 1984,
from Ny §%§§! 8 and additional wells that had consis- (
tently § uvnaﬁgi natioh Table 2-1 summarizes the results

of the water quality sampllng rounds at the Charlevoix site.

2.1.4 WATER LEVEL MONITORING AND MAPPING

Four rounds of water level measurements (December 1983,
April 1984, July 1984, and August 1984) were conducted in
combination with other RI activities. The first and third
rounds were conducted during groundwater sampling in
December 1983 and July 1984. The second round was conducted
in April 1984 during the field hydraulic conductivity testing.
The welle installed in July 1234 (215, 316, 317, 319 and
320) were sampled and additional water level elevations were
measured in August 1984. Water level elevations were also
measured in selected existing wells during the August 1984
sampling trip. A summary of water level measurements is
included in Table 2-2, Groundwater contour maps were devel-
oped for each of the first two rounds of water level

2-5
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2-1 (page 1 of 2)

CONTRACY LABORATORY PROGRAM DATA STMMARY

Tetrachloroethens
Trichloroethene~1CE or Perchloroethene-PCE
_5g/L ug/L
December July August December July Auqust
1963 1984 _1908 1983 1984 1984
* *(1r) - 0.6 *(*F) -
0.6 * (*F) - 18 16 (1.5F) SK*
* *(%F) - 0.8 *(*F) -
* - - 0.6 - -
480 960 (344F) 450 21 5.5(*F) 5.5
* * (*F) - 4.3 * (*F) -
* * (*F) - * * (*F) -
* - - * - -
* * (®F) - * *(*F) -
8.1 lo(8F) - 2.3 * (*F) -
8.8 10 - 1.7 * -
8.9 44 (8F) - 340 880 (194F) -
- 15(8F) - - 1,300(194F) -
3.0 - - 2.6 - -
405 140(65F) - <20 * (*F) -
* * (*F) - 2.0 * (*F) -
5.5 *(1F) - 2.6 *(*F) -
* * (*F) - 4.8 *(*F) -
14 25{23m) - 1.6 * (*F) -
11 - - * - -

Other
Volatile
Compounds
Detected
and Date

Trans-1,2-
dichloroethene
SK* July 12, 1984
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Well

202 (Aup.)

209

210

212
212 (dup.)

231
(DNR Well)

318

315 (dup.)

Field (Photovac) screening results for samples coliected concurrently with CLP samples are
designated with a 'F' and listed in parenthesis

Table 2-1

Trichloroetbene-TCE
Syl
Decesber July August
1s83 198 98¢
5.7 13(15M 18
- 12(10r) -
230 250{200F) 180
4.0 SK(3F) -
0.7 *(3F} -
730 S10(422F) 280
660 580 (406F) -
2.2 - -
- - 850
- - 520
- - *
- - *
- - 9

(page 2 of 1)
Tetrachloroethens
or Perchloroethene-PCE
_ug/L
December July Angust
1983 1984 _198¢
2.3 * (*F) *
- * (#P) -
54 * (*F) *
130 150(119F) -
11 35 (25F) -
<50 * (*F) *
110 * (8F) -
67 - -
- - 9.4
- - 9.%
- - 21
- - 29
- - 1

Volatile

Detected
and Date

Acetone 9.8 ug/L
7/12/84

Toluene S5K* 8/20-84

K* {ndicates compounds detected at below the detection limit {5 ug/L), but greater than zervo

for July 1984 sampling round
* indicates compound not detected
- indicates no sample collected

December 1983 samples analyzed by the purge/trap technigue usiLyg gas chromotography and a halide-

specific detector - EPA Method 6035

July 1984 samples analyzed using the purge trap technique with GC/MS - EPA Method 624

10_, cancer rigk concentration for TCE=2 8 ug/L
10 ~ cancer risk concentration for PCE=8.8 ug/L

GLT441/87-2
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Table 2-2
GROUNDHATER LEVEL STRMMARY
(page 1 of 2)
Depth of T of
Well Casing Depth to
Feet Below Elevation Rater Hater Level
Ground Yest Above Feet Below Elevation
_Surface asl Top of Casing Feet above msl

46.0 643.35 30.12 613.23
16.48 626.87

29.86 613.49

36.0 607.31 24.88 582,43
24.94 582.37

24.49 582.82

24.49 582.82

68.0 641.16 54.65 586.51
54.38 586.78

34.6 610.00 29.40 580.60
29.29 580.71

28.71 581.29

28.98 581.02

56.% 628.80 49.56 579.24
48.36 580.44

48.07 580.73

53.0 625.35 40.17 585.18
40.19 585.16

39.92 585.43

37.0 620.43 22.27 598.16
20.96 599.47

21.58 598.85

57.0 626.90 46.62 580.28
46.3¢ 58G.54

" 46.08 580.82

67.0 638.00 54..8 583.82
54.02 583.98

53.75 584.25

27.8 596.89 16.84 580.85
15.84 581.05

25.5 595,11 15.50 579.61
14.73 580.38

14.54 580.57

24.0 591.47 12.1¢ 576,35
21.0 587.00 8.00 379.00
6.759 580. ..

36.0 612.95 25.57 583.38
29.28 583.67

34.5 614.42 31.09 583.33
31.15 583.27

30.78 583.64

Date

Measured

12/20/83
04/16/84
07/11/84
12/21/83
04/16/84
07/11/84
08/30/84
12/20/83
07/11/84
12/21/83
04/16/84
07/11/84
08/30/84
12/21/83
04/16/84
07/11/84
12/20/83
04/16/84
07/11/84
12/20/83
04/16/84
07/11/84
12/21/83
04/16/84
07/11: 3
12/20/83
04/16/84
C" ‘11/84
1./21/83
07/11/84
12/21/83
04/16/84
07/11/84
12/21/83
12/21/83
07/11/84
12/21/83
07/11/84
12/21/83
04/16/84
07/11/84
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GROMIDEATER LEVEL SUMMARY
Toage 2 of 2)
Depth of Top of
& Well Casing Depth to
; Feet Below Elevatioa Water Water Level
. Well Ground Fest Above Peet Below Elevation Date

Bumber Surface asl Top of Casing Feet above msl Measured
201 51.5 615.66 34.56 581.10 12/721/83
34.54 581.12 04/16/84¢

34.04 581.62 07/11/84

202 68.5 613.30 31.95 581.35 12/21/83
22.10 581.20 04/16/84

31.48 581.82 07/11/84

31.60 581.70 08/29/84

206 35.0 594.41 14.17 580.24 12/21/83
14.04 580.37 04/16/84

14.00 580.41 07/11/84

14.38 580.43 08/29/84

209 45.0 611.38 29.99 581.39 12/20/83
30.00 581.38 04/16/84

29.41 581.97 07/11/84

210 49.0 609.12 28.50 580.62 12/21/83
28.52 580.60 04/16/84

27.84 581.28 07/11/84

212 61.0 612.08 31.80 580.28 12/21/83
31.54 580.74 04/16/84

30.86 581.22 07/11/84

30.73 581.35 08/30/84

315 37.0 612.35 30.98 581.37 08/29/84
316 39.0 608.62 25.71 582.91 08/29/84
317 38.0 611.63 29.85 581.78 08/29/84
319 55.0 €10, .82 31.88 578.54 08/29/84
320 60.C 624.31 43.34 580.97 08/30/84

NOTE: The 16.48 foot (4/16/84) vater depth measurement recorded for monitoring well
No. 1 may be guestionable because of the large difference from the other two water
level measurements: 30.12 ft. (12/2C 83) and 29.86 (7/11/84).

GLT441/86

GLT441/86~2
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measurements as illustrated in Figures 2-4 and 2-5. July
and August water level measurements were combined in
Figure 2-6.

2.2 SOURCE QUANTIFICATION

7Q(JA2£4{AﬂanL.

'O of the source quantification task was
_ Jroce(s) of TCE contaminatt®h. A secondary
object1ve was to further assess PCE coftitamination. The general
locations of potential source areas were determlned during

the December 1983, RI activities. poesbhia {8) of TCE,

apd PCE: :i?i: such as drums, &p + or leaks, were,
howevetr o8, The primary objectives of this

task were therefore revised to further investigate the source
of TCE contamination as well as more clearly define the size
and extent of the TCE plume. Additional objectives were to
assess the horizontal extent of the PCE plume and to better
define groundwater flow paths to the north and east of the
suspected source area. The purpose of assessing PCE contamin-
ation was to evalwits tha potential for movement of contamin-
ated gronndwatet ﬂjf.thg municipal well, Round Lake,

Pine River, and pdssibdly Lake Michiga¥ near the MDNR well.

pq

The source quantification task was divided into three major
subtasks:

o) Air Monitoring
o) Shallow Soil Borings
o Deep Soil Borings and Monitoring Wells

Field procedures and technical details involving each of
these activities are covered in the technical memorandums,
included in Appendix A. Source quantification activities
were conducted in July and August 198%.

2.2.1 AIR MONITORING' Cwqfﬂdpl\%

The purpose cof the air monitoring was to determine if organic
vapors were present at potentially hazardous leveqé in build-
ings, crawl spaces, or storm drains located in areas overlying
the contaminated-grousdwater. A secondary objective of the
air monitoring was to search for potential sources of TCE

and PCE contamination through the presence of detectable
organic vapors in the air.

The inspection was conducted using an HNU PI-101 photoionizing
organic vapor analyzer, with a 10.2 electron-volt probe cali-
brated to benzene. The relative response for both TCE and

PCE vapors is approximately equal to 90 percent of the response
for benzene on the HNU. vapor.- densities for TCE and PCE

are 4.53 gnd- S.87%afpactively. Therefore; Yok “spots or
areas; " as ba: nts and. floor Arilns, were of major
interest.®
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The inspection, conducted in and around the nine buildings

and the Newman Street Dump site listed in Table 2-3, consisted
of surveying basements, crawl spaces, walls, corners, floors,
and floor drains in bulldings while monitoring with the HNU
unit. Monitoring wells and the general ground surface were
inspected near the Newman Street Dump.

No detectable concentrations were found that could be related
to the groundwater contamination.

2.2.2 SHALLOW SOIL BORINGS

gs_was to_collect sojd

e
31 9% 0GR S s FERTXTeTon .‘ TWelve
shallow borings were & led approxlmately 5 feet below the
water table at the loomtions shown in Figure 2-3. The approxi-
mate total depth of each shallow boring was 35 feet. Fifty-two
soil samples and 12 groundwater samples were screened for

TCE and PCE using headspace analysis with the Photovac unit.

Shallow soil boring locations were chosen based upon data
from existing welwtm__w-,avzously completed borings. gmitial
locations were gelBCIi tx intersect "he areas of hi

known YCE dnceé XSIfels As borings were being completed,
soil and groundwater samp es were screened for TCE and PCE
with the Photovac. The results from these screening activi-
ties allowed additional boring locations to be selected in
areas closer to the source of TCE contamination. The results
and analysis from these surveys are discussed in Section 3.
The field screening of groundwater samples was successful in
defining the area of highest TCE contamination (Table 2-4).
TCE and PCE were not detected in high concentrations with

the Photovac on any of the soil samples collected in the
shallow borings using-headspace analysis. Photovac screening
results for soil samples are listed in Table 2-5.

The negative results from the soil screening analysis indicate
that no residual gpourcg of highly concentrated TCE or PCH

was penetrated by ny*t the soil boringe. Although there

is still a poss1b111ty that a buried tank or drum exists in
the area it is more probable that the source for the ground-
water contamination was a single spill incident. The contami-
nants are now relatively well dispersed in the groundwater
without a continuing source of replenishment or reservoir in
the soil or unsaturated zone.

2.2.3 DEEP BORINGS AND MONITORING WELLS

When the shallow borings were completed, deep borings and
additional monitoring wells were installed to further assess
the extent of the TCE plume. Secondary objectives of this



Buil or Location
County Annex Building

County Puilding

City Hall and Fire Statiom

B.J. Goodwin's
{forwerly Art's Dxycleaners}

Newvman 8t. Dump Site

GLT441/76-1

Mdress

03 Anirim St.

Antrim St.

Mason St.

230 Antrim St,

Nevman St.

Date and
Time

Surveyed
7/16/84-0900

7/16/84-0930

7/16/8420945

7/16/84-1020

1/16/84-1110

Table 2-3 (page 1 of 2)
AIR MONITORING SUMMARY

Areas Surveyed
Outside of building in yard

Basement
- bathroom oeiling
- utility closet
Building Inspection Offices
ceiling
northeast office
north room
record storage room

Outside of building in yard

Basement
- ball next to vaults
- boiler roos workshop
- furnace room

Basemen
- east storage room
- Police storage room

- outside of Police storage roos
cravl space near stairvay
women's lounge

Basement
- along walls

Back storage room
- general area
- 6-inch drsin
- swall drains along west wal)

Back shed
- along dirt floor

Outside along edge of buildings

Well TS
Surfece soil around site

| Vit ‘_, ,,...:3

W Meadings
pre~Rquivalent
to Bensens

0.6

0.5
300

10-120

0.5
3.0-7.%

0.0
0.0

A SR e B -

Packgrownd reading

Roos poorly vestilated with
severs! gasolime comtaimers

Drains forwerly weed for dary-
cleanings
No longer being weed



Building or locetion
(harlevoix Middle School

Winchester's Funeral Home

Jack Gordon Residence
Rick Bieman Residence
Nrs. Barry Wood Residence

GLTe41/76-2

| SR LN . [ 3
Adress
Grant St.
State St.

206 Clinton St.
204 Clinton St.
207 Mason 8t.

202 Clinton St.

e P B Ay B wyereey|
Table 2-3 {(page 2 of 2}
Date and B Readings
Time ppa-Eguivaleat
Burveyed Areas Burveyed to Benzens
1/16744-1330 Hest Wing
- northwest corner crawispace 0.3
- northwest coroner crav!space 0.3
¥Yast Wing
- north wall cravlspace 0.4
Bapement
- boiler room and laundry room 0.3
cleaning equipment storage roos 1.0
~ floor drain near north entrance
to basement 0.3
Outside
- fuel oil tank vent 0.3
- playground stora sewer in the
track infield 0.0-0.2
- monitoring well No. § 0.0
~ monitoring well No. 212 0.0
7/1° ¥4-1600 Basement
- general area, wvalls, floors 0.0
Garage
- general area 0.0
- floor drain 3.5
7/19/94-1630 Metal garage behind house 0.0
7/19/84-164% Basement of bouse 0.0
7/19/84~1700 Basesent and cravlspace of house 0.0
7/19/84-1715 Shed and barn bebind house 0.0

D Ol S R G

Comonty

4-feet below fleer level
Crewlspeces all very dry and
Gusty

Slight cleening selveat edecr
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Boring Date
Bempiet

301 7/11/84
302 11/

7/18/84
304 7/10/84
308 7/10/84
306 7/18/84
307 7/39/84
300 7/19/84
309 7/19/04
309 719/84
310 /19 ‘34
311 1/21/84
312 7/20/84

ot detected
GLT44Y/77

Sasple Mumber
CVX-GF-301-03%)

CVX-GF-302-0213
CVX~GF-303-033
CVX-GP-304-033
CVX-~GF-305-033
CVX-Gr-306-033
CVX-GF-307-033
CVX-GP-308-033
CVx-Gr-309-033
CVX-GF-309-033D
CVX-Gr-310-033
CVX-GP-311-033
CVX-Gr-312-033

Table 2-4

SHALLOW BORING FIELD GROUNDWATER DATA SUMMARY

Groundvater
Level (Feet
Below Ground

Surface

8.0
30.5
26.5
25.6
27.0
27.2
27.5
20.2
25.3
5.3
27.3
29.1

27.4

Frd em Rod G2 62

Trichlorostheas-TCR
lconcentzation-we/l)

194

192
228

81

14

Yoo
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Split-Spocn  Depth Belew
Ground _Comosmtration Cooceotration

" Boring Sample
Ruber _ Number  Surfaoe (Ft) - . teg/L) (ug/L)

301

302

303

304

305

§8-1
85-2
§5-3
S5-4
§§-5

§S-6
S§S-1
§8-2

§s-3
SS-4

Ss~2

§8-5

GLT433/57-1

3
10-11.5

30-31.5

15~-17
20-21.5
25-26
30~-31

2~4
6-7.5
10-12
14-15.5
18-19

-4
6-8
10-12
18-20
22-24
26-28

1-3
5=7
10-12
15-17
20-21
25-26

5=7
10-12
15-16.5
20~21
35-26

“tadle 2+5

N O M

45

41

<1

(=2 =]

<1

o000 O0O0 O 0O oo

0 0O 0 O0OOo

<1

QO oo

<1

DURING THE RI

n\n’ﬁ CONTANINANT COMCENTRATIONS IN SOTL

0O 000 Oo0

<1

o

<1

OO0 0000 O 0O 00O 0o O O O o

OO 00

<1

Water table at 28 ft.
TCE concentration in

groundwater is
194 ug/L.
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Table 2-5 (Continued)

Split-Spoom Depth Below e FCE
Boring Sample Ground Concentration Concentration
Nosber Raber Surface (Ft) {ug/L) {og/L) Cosments
307 86~1 5=7 0 0
%B-3 10~12 (v} <1
S8-3 15-17 0 0
S5-4 20~22 0 |4
308 88-1 5-7 0 o] Dark brown to black
£i11 0-12' fill.
§5-2 i0-12 <1 0 Dark brown to black
£111.
S5-3 15-17 0 0
SS~4 20-22 o] o]
S8-5 25-27 <l 0

309 - - - - No splite-spoon samp-
les collected,
groundwater sample
only.

310 - - - - No split-spoon samp-
les collected,
groundwater sample
only.

1l g§§-1 5-7 s <1

§§-2 10-12 0 0
85-3 15-16.5 0 0
SS5-4 20-21 0 0
88-5 25-27 0 0
312 8S-1 5-6.5 2 C Dark brown fill.
s5-2 10-12 ¢ 0
S8-3 15-18.¢ 0 ¢
SS-4 20-21 0 0
SS-5 25-26 0 e

The detection limit for both TCE and PCE is approximately 1 ug/lL uc:ing the PHOTCOVAZ GC.

GLT433/57=2
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effort were to asgl
or neat’ihn lourc.,u-

' : €1onal Wells in ght bor-
ings, shown in Fig Procedure' for completing the

“ "borings and installingfthe wells were similar to those used
during the source idantification task in December 1983.

A" to confirm the

‘Two wells, one upgra-
rom the area of high
TCE concentrations were installed. Three additional wells,
316, 319, and 320 were installed to evaluate groundwater

flow to the north and east and to further define the PCE
plume. Borings 313, 314, and 318 were advanced with screened
hollow stem augers to investigate the vertical and horizontal
extent of the TCE plul.

A summary of field lctoening results for the additional deep
borings and monitoring wells is presented in Table 2-6.
Several groundwater samples were screened for TCE and PCE at
each sampling depth im order to provide quality control data
on the field procedures being applied.

The area of highest TCE concentrations in groundwater were
located just below the water table at the Charlevoix Middle
School grounds. The highest PCE concentrations were detected
at monitoring well 11. The source of TCE appears to be

located at the Charlevoix Middle School grounds and the source(s)

of PCE appear to be located along State Street, south of
Hurlbut Avenue. No organic vapors were detected that could
be attributed to TCE or PCE contaminated soil or groundwater
in the part-per-million (ppm) range in the locations surveyed
with the HNU, except in the floor drains of B.J. Goodwins
(formerly Art's Drycleaners). -The water quality data from
the borings surroundings B.J. Goodwins indicate little or no
contamlnatlon reaching the water table from this area. The

nh LpIiteriazéor both TCE and PCE is 100 ppm for amy
i e * Therefore, B.J. Goodwins is not considered a
hea azard or environmental threat at the present time.

However, there is a potsntial for the present soil contamina-
tion to contribute to groundwater contamination sometime in
the future,.

GLT441/85

-/ L/—7v4;



Boring/
Well
Number

313
313
313

314
314
314

34
e
kB U

E L]
e
34

315
315
315

318
3is
s

315
318
315

318
318
313

316
316
316

316
n?
317
317
1
318
*Not detected

GLT441/78-1

Table 2-6 {page 1 of 2)
NEW WELLS AND DEEP BORINGS FIFLD GROUNDWATER DATA SUMMARY

Tetrs-hlorvethene or

Date Sample Sampling Trichlorcethene-1CE Perchloroathene~PCE

Sempled Sample Number Depth Method {concentr~' ton-ug/L) (concentrat ion-ug/L) Commenty
7/23/84 CV¥-GF-~313-030A 30’ Pump ~1 4
7/23/684 CVX-GF-313-030B 30" Fump o7 4 Hith van engise rumming
7/23/84 CVX-GF-313-030C 0’ Bail ‘9 3 Hith van engine off
7/24/84 CVX~GF-314-040A 40° Pump * *
7/34/84 CVX-GF-314-0408 40' Pump ° *
7/24/84 CVX-~GF-314-040C 40 Bail M *
1/14/84 CVX-GF-314-0%0A 50! Pump 111 *
7/14/04 CVX-GF-314-0508 50°* Pump 128 *
7/24/ R4 CVX-GF-314-050C 50' BRatl 18 *
7/24/84 CVX-GF-314-060A 60" Pump 17% *
7/34/92 CVX-GF-314-0608B 60" Pump 150 *
/24744 “VX-GF-314-060C 60" Bail 178 *
/2578 t VX-GF-315-725A 37" Pump 643 * Well installed 7/24/84
/28784 ¢ “X-GF-315-725B 37 Pump 679 *
/2878 CVX-GF-315-725C 37* Rail 554 *
/2%/8% C71-GF-315-725CD nr Batl 589 *
71/28/84 C¥¥-GF-315-7258D 37 Pump 732 .
7/25/84 Cv: GP-315-RBl - Pusp 3 . Rinse water blask
7/25/78¢ VY -GF-315-RB2 - Pump 1 . Rinse wuter blemk
7/2%/8 «¥¥ 5F-315-R8B3 - Pump 13 . Rinse wetar bleek
7/2%/84 ©rr oF-315-RB4 - Pump 1 . Rinse water blamk
1/25/704 (vY-GF-315-RB5 - Pump . hd Rinse water blamk
1/2%5/84 CVA-GF-315-RB6 - Pump 1 . Riose water blamk
7/25/84 CVA-GF~315~RB? - Pump * * Rinse water blamk
7/26/84 CVX-GF-316-726A 39’ Pump d 18 Well installed 7/25/84
7/26/84 CVX-GF-316-7268 39 Bail d 14
1/26/84 “VX-GF-316-726C 39 Pump hd 14
1/26/84 CX-GF-316-726AD 39 Pump . 19
7/26/84 CVX-GF-317-726A 38' Pump 2 25 Well installed 7/29/84
7/26/84 CV¥-GF-317-726B gt Pump 1 28
1/26/84 CVx-Gr-317-126C 38’ Bail 2 25
7/26/84 CVX-GF-317-RB1 - Pump . * Rinse water blask
T/26/84 CVX-GF-318-47A 47 Puap 405



o T T TS T T T e Red B Bl R BRSO R e

Table 2-6 (page 2 of 2)

Boring/ Tetrachlorosthene or

Well Date Sanple Samplira Trichlorosthene-1TCE Perchleroetbhene~PCE
Musber Sempled le Mumber Depth Neth:d {concentration-ug/L) {concentration-ug/L) Conmagts
318 7/26/84 CVX-GP-318-478 LN Pumg 519 *

318 7/26/84 CVX-GF-318-47( o Batl’ 519 .
38 7/26/8% CVX-GP-118-RB1 - Pus; . b Rinse water blask
ns 1/26/04 CVX-Gr-318-RB2 - Pusp . * Rinse water blamk
s 7/26/84 CVX-GF-316-RA3 - Pumy . hd Rinse vater blask
318 7/26/84 CVX-GP-318-62A 62’ Pumg 456 . Rinse water blamk
310 7/26/84 CVX-Gr-318-62B 62° Pumg 476 * Rinse wvater blask
318 7/26/84 CVX-Gr-318-62C 62" Bai! K11} L Risse vater blamk
3s 1/26/84 CVX-GP-318-62AD 61° Pump 420 . Rinse water blask
E3Y ] 7/26/84 CVX-GF-318-62BD 61° Pusgp 440 4 Rinse water blamk
318 7/26/84 CVX-Gr-318-62CD 62" Batl 11 . Rinse watar blamk
319 7/26/84 CVX-GP-319-47A a7 Pump 5 9 Rinse water bleak
319 1/26/84 CVX-Gr-319-478 (3 Pusp 24 10 Riase weter blesk
319 1/36/M CVX-GF-319-60A 60' Pump (1 18 Rinse vetar blssk
319 1/26/84 CVX-Gr-319-608 60' Pusp 7 i)

320 1/727/%4 CVX-GF-320-727 60’ Pump 23 . Well installied 7/27/0¢

*"Not detected
GLT441/70-2
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Chapter 3
SITE INVESTIGATION DATA ANALYSIS

3.1 LEVEL AND EXTENT OF CONTAMINATION

The level and extent of TCE and PCE contamination was assessed
using data collected during the drilling and monitoring well
installation activities conducted during the source identi-
fication and quantification tasks. Contour maps and cross-
section maps showing inferred equal concentration contours

of TCE and PCE contamination, (Figures 3-1 through 3-4),

were produced using field and contract laboratory data from
both December 1983 and July/August 1984.

The use of TCE and PCE as solvents, degreasers, drycleaning
solvents and chemical intermediates directed the investiga-
tions tu concentrate in areas suspected of using TCE or PCE
presently or in the past.

Shallow soil borings were intended to define the nature of
the source of TCE contamination; however, no concentrations
of TCE or PCE over 50 ug/L were detected in soil samples
collected from the soil borings. The shallow soil boring
activity was successful in locating the area of highest TCE
contamination in groundwater. The highest concentrations of
TCE in groundwater were found in groundwater samples collected
just below the water table at the Charlevoix Middle School
playground. Concentrations of greater than 900 ug/L of TCE
were found in monitoring well No. 4 and boring 308. Concen-
trations of TCE decreased to the west along Clinton Street
to the 100 ug/L range near the pump station, as shown in
Figure 3-1. The thickness of the TCE plume was estimated to
be about 50 to 60 feet at the 206 and 212 boring locations,
based on the concentrations shown in Figure 3-2.

The highest concentration of PCE, 1,300 ug/L, was found at
monitoring well No. 11 (Pigure 3-3). PCE concentrations
decreased to the north along State Street to less than

25 ug/L. West of Grant Street, PCE was not detected in any
of the borings or monitoring wells sampled in July 1984.
Data tu the south and east of monitoring well No. 11 were
limited, with only one monitoring well in the area south of
well No. 11,

The total mass of TCE and PCE contained within each plume 1is
very difficult to guantify because of the uncertainties in
establishing the zero concentration contour. The mass was
estimated, however, using the average concentrations between
contours and the assumed plume Jdimensions shown in Figures 3-1
through 3-4. The plume boundary for the TCE plume was assumed
to be an area bounded by State and Sherman Streets on the

east and west, and Park Avenue and Mason Street on the north
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and south. The boundary for the PCE plume was assumed to be
as shown in Figure 3-3 on the west, and Bridge Street on the
east, with Pine River being the northern boundary and Lincoln
Avenue assumed to be the southern. The 233 of- TCA:in-th8
IC FIFpEa A=1 Wag est i 4y, whi
lv ent to & Volulis" 187

The total mass of PCE in the plume shown in Figure 3-3 was
estimated to be 95 kg, which is equivalent to a volume of
about 15 gallons of pure PCE, If these contaminants were
the result of a spill the amount spilled would be expected
ta bé'considerabla ‘ger g%%g%;enains in the aquifer

at thiz “time due t6 Y633es BY V: zafion and soil adsorption.

3.2 POTENTIAL SOURCES OF CONTAMINATION

The shallow soil borings and the field HNU survey were the

two primary tasks designed to identify sources of TCE and

PCE contamination. The only HNU readings that were signifi-
cantly above background were recorded in the police depart-
ment's storage room, located in the basement of the City

Hall building, and in the floor drains located in the back
room of B.J. Goodwin's (formerly Art's Drycleaners). The

HNU readings noted in the police storage room of 6 to 12 ppm
above background were apparently caused by several partially
filled gasoline containers stored there. The organic vapor
concentrations of greater than 300 ppm recorded in the floor
drains at B.J. Goodwin's were apparently caused by PCE vapors.
The floor drains were reported to have been used to dispcse

of dry cleaning solutions when the building was used as a

dry cleaning establishment. The Michigan Department of Natural
Resources (MDNR) sampled the floor drains to a depth of 15 feet
using hand augers and reported that these are open sand drains
into the soil beneath the building. PCE concentrations in
soil samples collected from the floor drains by the MDNR in
1983 ranged from 110,000 to 460,000 ug/L. A soil sample
collected from the 3-foot depth also showed TCE contamination
at a concentration of 1,000 ug/L. However, based on the
isoconcentration maps {(Figures 3-1 and 3-3), neither the
police storage room or the floor drains at B.J. Goodwin's
appear to be contributing TCE or PCE to the groundwater con-
tamination. Other buildings and areas, including the Newman
Street Dump, surveyed with the HNU did not show any readings
significantly above background, as listed in Table 2-3.

Soil samples collected from borings 308, 312, and 313 (Figure

3-5) indicated fill nagerial had been p]aced to depths of up
8

to 14 feet at boring 3 The existence ~f this fill was
confirmed through discussions with Charlevoix School District
personnel, According to school district personnel, a wing

of the school was originally located in the area where the
playground is now located. This wing was reportedly demo-
lished in the early to mid-1950's. The bagement of the old
wing was filled with soil of unknown origin. Later, in the

3-6
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late 1950°s a new, smaller wing was added to the school south
of the playground, which now contains the woodworking shop
and a science laboratory (Figure 3-5).

The . Bpination .
évents -"' VTR '

TCE may have been spilled dur1ng the de: B -

tion activities that occurred during the early 1950's. TCE
was commonly used as a degreasing solvent in the 1950's and
may have been used with the construction equipment. It is
also pcssible that some portion of the fill material used in
the area of the baseball diamond was contaminated; however,
existing data from soil borings do not indicate this. TCE
may also have been spilled into floor drains or sewers in or
around the o0ld school building. The total estimated mass of
TCE in the plume is 95 kg (16 gallons of 100 percent TCE),
indicating that a relatively small spill (although greater
than 1¢ gallons) may have been the source of the contamina-
tion.

The highest concentrations of PCE were found along State

Street near the corner of State and Hurlbut (Figure 3-3).

Based on the TCE and PCE concentration maps, Figures 3-1 and
3-3, the source of PCE does not appear to coincide with the
source of TCE. Potential sources of PCE contamination are

the former commercial laundry, the existing dry cleaning
establishment on Hurlbut Street or some other source to the
south (Figures 1-2 and 3-3). Other potential sources of PCE
contamination may include, but are not limited to, dry cleaning
establishments, auto repair shops, the airport, machine shops,
and other service facilities. The total estimated mass of

PCE in the plume is approximately 95 kg (15 gallons of 100 per-
cent PCE) although this is a much more uncertain estimate
because of the lack of data to the south.

3.3 RATE OF CONTAMINANT MOVEMENT

The movement of the contaminant plumes in the Charlevoix
aquife~ is dependent on the rate z~d directions of groundwater
flow. Under steady state conditions, where the aquifer is
relatively unaffected by pumping, the rate of groundwater
movement can be approximated using Darcy's Law:

Q = KIA
where,

Q0 = flow rate

K = hydraulic conductivity

I = hydraulic gradient

A = cross sectional areu *l:rougn wihach flow occurs
rearranging,

g = Q/A = Ki
where,
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q = specific discharge = rate at which water flows
through a unit cross sectional area of porous mater-
ial.

The average pore velocity of water traveling in a porous
material is obtained by dividing the specific discharge
by the effective porosity of the porous material.

v. = q/n
wheré,
v, = average pore velocity
n® = effective porosity
therefore,
v, = KI/n

The hydraulic gradient of the Charlevoix aquifer is estimated
to be 0.005 feet/feet based on water level data obtained

from monitoring wells. The porosity%of the aquifer is esti-
mated to be 0.25 to 0.30. Using the field values of hydraulic
conductivity from 20 ft/day 140 ft/day, which are typical

for the agquifer material, the velocity of groundwater flow

is estimated as follows:

Low v, = (20 ft/day) (.005)/0.30 = 0.33 ft/day prEguterid etk
High bi = (140.1 ft/day) (.005)/0.25 = 2.8 ft/day Z/Lc¢c /b=_.a

The rate at which an organic contaminant moves through an
aquifer is often much less than the groundwater velocity
because of sorption/desorption effects. The ratio of ground-
water velocity to contaminant rate of movement is defined as
the retardation factor which is not always a constant. For
these calculations, the retardation factor for TCE or PCE is
assumed to be approximately 2.5°. The rate of contaminant
movement is calculated as:

v_ = vi/R
wherg,
v_ = velocity of contaminant
c :
v, = groundwater velocity
R™ = retardation coefficient

therefore,
Low v_ = (0.33 ft/day)/2.5
High 8C = (2.8 ft/day)/2.5

0.13 ft/day Tt s T
1.12 ft/day SO 2 T

-

The estimated upgradient end of the 100 ug/L contour line of
the TCE contaminant plume is estimate’ to be approximately
1,250 feet from the municipai well. Assuming the highest
estimated rate of ceortaminant movement (1.12 feet/day), it
would take in excess of 3 years for the TCE plume to travel
from the area of highest contamination to the municipal well.

awilson, et. al., Journal of Environmental Quality, 1981.
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The area of highest PCE contamination is estimated to be
approximately 2,300 feet from the municipal well. It would
take in excess of 6 years for the PCE plume to travel from

the area of highest contamination to the municipal well assum-
ing the same retardation factor for PCE as TCE and the highest
estimated rate of groundwater movement. Based on the PCE
concentration map (Figure 3-3), it will take an additional

2.5 years for the PCE plume to travel approximately 1,000 feet
from the monitoring well 317 location to the municipal well.

Clean up of the aquifer either by natural groundwater flow

or by pumping is an extended process dependent on the degree
of interaction between the aquifer and the contaminants.

Each time fresh water flows into a contaminated portion of
the aquifer, contaminants adsorbed ontc the aquifer skeleton
desorb into the groundwater. The relative distribution of
the contaminant between the agquifer materials and the ground-
water is dependent on many factors.

The length of time for the contaminated plumes to move from
their present positions toward and past the municipal well
were estimated to be in excess of 20 years in the focused
feasibility study. Figure 3-6 from the FFS illustrates the
concentrations that were projected to be found at the munici-
pal well from the data available in April 1984. The addi-
tional data gathered since that time and presented in this

RI report has enabled a more clearly defined picture of the
extent, sources and levels of contamination to be developed.
Within the limits of the analysis Figure 3-~6 demonstrates
that an extended period of time, in excess of 20 years, will
be necessary for the aquifer to return to near acceptable
levels of water quality under natural groundwater flow condi-
tions. Purther analysi# beyond what was accomplished in the
FFS will be presented im the feasibility study for the techni-
ques, costs, and procedures to artificially clean up the
aquifer in shorter time Crames.

3.4 ASSUMPTIONS AND LIMITATIONS

All concentration maps and cross sections are based on U.S.
EPA CLP and field (Photovac) data. The field data are assumed
to be equivalent to CLP data for the purposes of this report.
If both CLP and Photovac data were available for the same
sampling point, the CLP data were considered higher quality
and therefore used in the analysis. All conclusions, recom-
mendations, and estimates are drawn from a combination of
field and CLP data.

Several study limitations were defined during the remedial
investigation. Limitations identified during the RI follow:

o Although extensive soil borings were conducted in
the suspected source area of the TCE plume, no
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o The Tocstion of the PCE source area is undefineli.
Well No. 11 found relatively high concentrations
of PCE in the groundwater but it is not known if
this is the peak concentration or if higher concen-
trations further upgradient exist. Certainly moni-
toring of the wells should continue and consideration
should be given to additional field work to locate
the source of PCE.

o The PCE found in soils near the B.J. Goodwin property
represent a potential future source of groundwater

~contamination. Little or no PCE was found in the
/Y 'kaa monitoring wells in this vicinity. The assumption
A

is that either the PCE has not had sufficient time

V:f \ to move from the soil to the groundwater or it is

ﬁy/”” held firmly in the soils and is not moving. 1In
either case, monitoring of the wells surrounding
B.J. Goodwin's is recommended.

o) The hydraulic conductivity values determined during
the RI investigation were derived from procedures
that only test a small area immediately surrounding
each well. If pumping schemes for aquifer clean =
up or more accurate prédictions of contaminant ~
wmovement are considered more detailed, extensive <<
tests to Berive agquifer parameters are needed.

3.5 CONCLUDING STATEMENT

The remedial investigation established the extent of TCE
contamination in the aquifer supplying water to the city of
Charlevoix's municipal well. A plume of PCE was also identi-
fied and reasonable limits for this plume inferred. The

rate of movement of each of these plumes is estimated to be
between 9.13 and 1.12 ft/day. No discrete sources for either
TCE or PCE were found. Peak concentrations of TCE are expected

to be encountered at the Charlevoix municipeal well within Nel
the next 3_to 6 years. The presence of PCE is expected to Lvy,
be found in the well within the next 1 to 2 years with the L )(

peak concentration occurring in excess of 6 years from the v
present. The estimated time for the agquifer to naturally )J
flush the contaminants out of the aquifer is in excess of
20 years and based on the analysis from the FFS may exceed

50 . o
years ”ﬁdﬁ‘m/ ﬂasﬁffj _Z;’C'/do’(d/ /< e
GLT441/94 Lor LOATS
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MEMORANDUM DRAFT
TO: Joel Balmat

FROM: Bruce Cutright, Site Project Manager

DATE: February 7, 1984

RE: Task 2.2 Summary Memorandum

Charlevoix, Michigan RI/FS Source Identification
Monitoring Well Installation

PROJECT: W65253.00

1. Timeframe: The drilling crew arrived onsite on Novem-
ber 29, 1383, which completed assembly of the project team.
Site activities continued from that date through December
16, including Saturdays and Sundays., After concluding the
drilling program, the first set of CLP samples was taken
during the period from December 20 to December 23, and pro-
cessed through special analytical services.

2. Program Participants: The following companies were
involved with the various site duties:

A. Supervision - Bruce Cutright, CH2M HILL
Rick Burke, SEG

B. Drilling Services - Paul Valine, GMC Associates,
Northville, Michigan

c. Hydrogeology - Ed Everett, Keck Consulting Ser-
vices, Williamston, Michigan

D. Technicians - Snell Environmental Group, Lansing,
Michigan and Keck Consulting Services,, Williams-
ton, Michigan

E. Photovac Operation (field analysis) - Don Woods,
Stacy Merrigan, Ecology and Environment, Chicago,
Illinois

F. Site Safety Officer - Ecology and Environment,

Chicago, Illinois

3. Work Performed: As called for in the work plan, twelve
screened auger borings were performed at the site, each to
approximately a depth of 100 feet except where drilling
could not be performed due to subsurface rocks. Monitor
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MEMORANDUM to Joel Balmat DRAFT
Page 2

February 7, 1984

w6525.00

wells were only installed in those borings where significant
contamination (above approximately 3 parts per billion TCE)
was obtained during field analysis. During the program, a
total of 6 monitor wells were installed in borings 201, 202,
206, 209, 210 and 212,

4, Summary of Results: The attached sketch shows the lo-
cations of the borings. The borings are numbered 201
through 212, in the sequence in which they were drilled.
The first three borings (201-203) were located to intercept
groundwater from previously suspected sources at the Newman
Street Dump and Art's Dry Cleaners. Field analysis during
the borings indicated that borings 201 and 202 had a low
level of contamination (10~-15 ppb TCE), and boring 203 had
no TCE. Wells were located in borings 201 and 202 because
contamination was found and it provides some groundwater
elevation data in an area previously without a well.

Borings 204 and 205 are located upgradient of the suspected
sources at Art's Dry Cleaners and the Newman Street Dump to
attempt to determine if the source of contamination was pos-
sibly upgradient of the Newman Street Dump and Art's Dry
Cleaners. Both of these borings indicated 0-1 TCE, and no
wells were gset in this area. Boring 206 was planred at the
beach area near Lake Michigan to determine if the ground-
water was moving up into the city well from lower eleva-
tions, or was moving in the shallow groundwater. Boring 202
showed the suspected higher levels of TCE (200-300 ppb).
Concentrations were higher in the shallower elevations of
the aquifer,

Throughout the program, selected existing monitor wells had
been sampled for analysis and cenerally showed .ow levels of
contamination. While drilling borirg 207, samples were taken
from monitor well number 4 which had previously been unsam-
pled. Concentrations in monitor well number 4 were found to
be in the 200 ppb TCE range. Boring 207 was located in the
Newman Street Dump to attempt to locate the minor source of
contamination appearing downgradient at borings 201-203, but
the TCE concentrations found (6 ppb) did not justify setting
a well when two other wells (TS and Té) were in the immediate
area.

The remainder of the drilling program focussed on trying to
identify or bracket the source of contamination producing
high TCE levels in monitor well number 4. Borings 208
through 211 showed concentrations of TCE in the 1-5 ppb
range. The last boring, 212, was located to try to better
define the plume and confirm the results of mcnitor well
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MEMORANDUM to Joel Balmat DRAFT
Page 3

FPebruary 7, 1984

w6525.00

number 4. This boring exceeded 500 ppb TCE in the upper 25
feet of the aquifer, and then declined. A monitor well was
installed in this boring. Wells were installed in 209 and
210 for future sampling and elevation data.

This concluded the allotted number of screened auger borings
and the crew completed work at the site and departed. Site
activities in the next phase of operations (Source Qualifi-
cation) must be reviewed and possibly redefined in light of
the findings of the screened auger program. It may be bene-
ficial to install some additional screened auger borings
and/or wells to define the source of the contaminated
groundwater.

GLT433/33
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CHARLEVOIX MUNICIPAL WELL RI/FS
TASK DRAFT TECHNICAL MEMORANDUM

TO: Jack Kratzmeyer, Regional Site Project Officer,
EPA Region V

FROM: Bruce Cutright, CH2M HILL, Project Manager
Rick Burke, Snell Environmental Group, Inc.
Ed Everett, Keck Consulting Services

~ DATE: April 9, 1984

SUBJECT: Charlevoix, Michigan Remedial Investigation
Task 2 - Source Identification Program

JOB NO: w65253.00

INTRODUCTION

The Source Identification Task consists of three major activ-
ities: a monitoring well installation program; field hydraulic
conductivity testing; and groundwater sampling and level
monitoring. The monitoring well drilling program and the
groundwater samples for CLP analysis were collected on LCecember
20 and 21, 1983. Hydraulic conductivity testing is scheduled
for early April, 1984. The second round of monitoring well
sampling and level monitoring will be scheduled if authorized
by EPA. Results from those activities will be issued in an
addendum to the Task 2 Technical Memorandum.

The work activities herein were performed in partial satis-
faction of BOA SC-5-023, Work Assignment No. 46-51L83.0, RI
Task 2.

1.0 MONITOR WELL INSTALLATION

1.1 Purpose
The purpose of installing the monitorinc wells was to attempt
to determinre the scurce!s’ oi the TZI -~cntamination found in

the municipal wells, define the vertical and horizontal extent
of contamination in the shallow agquifer, and determine the
groundwater flow pattern.

1.2 Scope

The work plan called for approximately 12 bcr.ngs/wells to

be installed during the source identificatiocn task. The
wells were to be drilled to roughly 107 feet with groundwater
samples collected at 10-foct intervals, starting a minimum
of 5 feet below saturation. Samples were to be analyzed
ongite for TCE and PCE with a field G.C. unit (Photovac).

The monitoring wells were to be installed in the zone that
showed the greatest concentration of TCE. At locations where
nc TCE was found, wells were only installed if groundwater
elevations were needed.

GLT441/27
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1.3 Personnel

The project team included personnel from Snell Environmental Group, Inc.
(SEG), Keck Consulting Services, Inc. (KCS), Ecology and Enviromment (EAE),
GMC Associates, and CH2M-Hi11, The initial site personnel included:

SEG - Rick Burke GMC Associates - Paul Velin

Robert Hunt Harsit Sidhu
Dean Schultz

KCS - Ed Everett
Mark Dunham CH2M-Hi11 - Bruce Cutright

ELE - Don Woods

Mr. Larry Levingood, Regional Department of Public Health, visited the site
frequently to observe the progress of the project. Mr. T, Eftaxiadus, Michigan
Department of Natural Resources, visited the site on December 7 and 8, 1983

to observe the work being done. On December 8, Mr. Larry Froebe (E&E) was
assigned to the project as site safety officer.

1.4 General Procedure

The locations of all borings and wells drilled during this phase of the field
work are shown in Figure 1. The well labeling sequence is as follows:

001 - Wells installed by the TAT team, previously labeled 1, 2, etc.
101 - Wells installed by City of Charlevoix, previously labeled T1l, etc.
201 - Wells installed under this Remedial Investigation Contract.

The initial three boring sites (201, 202 and 203) were planned to bisect

a plume that would have been generated from the previously suspected sources
(Art's DOrycleaners, Newman Street Dump). Additional sites were selected

by the site nydroceologist to either demonstrate contribution to the plume

or to discount the potential source as a contributor to the plume. Prior

to drilling the sites, each location was staked, the property owner or resident
was notified (all sites were located within the City right-of-way) and clearance
was obtained from Miss Dig.

The boreholes were drilled with 3-1/4-inch 1.D. hollow stem augers with the
lead auger a screened auger (center 2 feet of auger core constructed of

well screen). Auger cuttings were examined by the drilling crew and the site
hydrogeologist to determine the glacia: stratigraphy. Groundwater samples
were collected at 10-foot intervals starting between 5 and 10 feet below
saturation. The procedure for sampling was as follows:

1. the augers were air developed at the selected interval to clean
fine-grained sediments from the augers and screened section;

2. aminimum of 5 casing (auger core) volumes of water were then pumped
from the augers with the kKeck SP-81 sampling pump at a rate of
approximately 1 GPM;



3. a batler was used to remove approximately one additional gallon
of water and collect the sample;

4. samples were taken in VOA vials and transported to the motel where
t&E personnel were analyzing the samples for TCE and PCE with Photovac
equipment; and,

5. the afr hose, sampling pump and bailer were then decontaminated
with TSP solution and a clean water rinse.

Monitoring wells were installed in the boreholes where contaminants were
present or at locations where water level data was needed for contouring

the groundwater surface. The weils were of PVC construction with 10 feet

of PVC #6 siot well screen set in the zone of highest contamination. The
annular space of the borehole was grouted with a heavy bentonite slurry

(1 pound bentonite/gallon of wmter) placed from the water table to the surface.
A steel well guard with a hinged locking cover was installed over the wells

and a cement seal placed around the guard. The wells were air developed

after completion.

The drill rig, augers ancd tools were steam cleaned between each boring.

1.5 Field Work Chronology

Table 1 summarizes the samples collected, level of protection used and the
results from onsite testing. Well and boring locations are shown on Figure 1.

November 29, 1983, Tuesday

GMC, Inc. personnel arrived at the location (#201) at 1500 hours and rigged
up. Onsite personnel included:

SEG Kes CHRM-Hi1 GHe

R. Burke E. Everett B, Cutright P. Levin

R. Hunt M. Dunham H. Sidhu
D. Schultz

Visitors

L. Levingood - Regional Health Department
K. Staley - Property Owner, Mayor of Charlevoix
D. Barron -« TV 784, WPBN, Traverse City

Because of the late start, drilling proceedec to the water table (approxi-

mately 36 feet) and was stopped for the dav. The aucars were left in the
borehole ready to proceed on the foiicwing day.

-3-
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November 30, 1983, Wednesday

Onsfte personnel included the following:

i s 213 eue
R. Burke E. Everett D. Woods P, Levin
R. Hunt M. Dunham H. Sidhu
Visitors

S. Baker - Resident

K. Staley

L. Levingood

E. Whitley - City Department of Public Works

We were notified that morning that during shutdown on November 29, D. Schultz
had broken nis ankle while attempting to disconnect the air compressor from
the truck. GMC called their office and requested a repiacement.

Weather conditions were cool approximately 30°F) with strong winds (approxi-
mately 60 mpn) and occasional snow.

Drilling did not start until 1320 hours due to equipment problems, The bottom
plug of the augers was lost at 46 feet and the augers had to be pulled to
replace the plug. Orilied to 43 feet and attemoted to collect samples from

39 to 41 feet. Much sand and gravel was broughti out of the hole during develop-
ment and a check of the depth indicated more than 3 feet of sand and gravel

in the augers. Had to pull augers and grout hole. Planned to move rig approxi-
mately 10 feet to start new hole following day.

December 1, 1983, Thursday

Site persorre’ included the afcrementioned personnel, plus S. Merrigan (E&E
replacement for D, Woods) ancd N. Petel (GMC replacement for helper).

The weather was cool (29°F), windy (10-20 mph) with 1ight snow.

Groundwater samples were collected at 40 and 50 feet. Samples were not obtained
at 60 and 70 feet because of fine-grained (silty and very fine sand) nature

of the materials. At 86 feet, cobbles were encountered and the hole stopped.
Measuring the depth inside the augers indicated that there was 5 to 6 feet

of sediment inside the augers. Pulled augers back to 83 feet and washed

sand from the auger core. Attempted tz develop this 80-foot interval; very
little water was produced. The augers were pulled back to 73 feet and the
casing set through augers. The casing was pushed through the auger plug
with-an AW rod. While pulling the rod, it was dropped approximately 10 feet.
The casing was left in the ground and the augers pulled. Shut down for the

night,

o4
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December 2, 1983, Friday

The site personnel remained the same except that J. Pincumbe replaced
M. Ounham for KCS.

The weather was cool (approximately 24°F) with snow.

The drilling crew pulled casing back to 62 feet, and attempted to develop.
No water was being produced so the casing was pulled back to 42 feet and
again, no water was produced. Checking the depth indicated that the casing
had several feet of sand. The casing was pulled from the hole. The screen
had been broken off when the AN rod was dropped. The hole was redrilled

to 53 feet and a well set to 52 feet. The hole was grouted, a well guard
installed and the well developed.

E. Everett called a meeting of the drilling crew to express concern over

work proceedings to date., GMC was requested to provide an additional person
and treating equipment to prevent freezing problems encountered to date.

December 3, 1983, Saturday

Site personnel remained the same except that D. Marion replaced N. Petel
for GMC. S. Baker, property owner, visited the site frequently during the
day.

The weather was overcast and cool (approximately 29°F) with 10 mph winds
from the northwest.

The drilling rig was set at location #202 at 1430 after problems with cleant

equipment., The hole was drilled to 48 feet before stopping for the aay.
Samples had been collected at 35 and 45 feet.

December 4, 1983, Sunday

The site personnel were the same as above with S. Baker, property owner,
visiting the site frequently.

The weather was partly cloudy, and cool (23°F), with 1ight winds.

Drilling started at 0820. The drilling proceeded to 91 feet after clay
was first detected at 87 feet. Groundwater samples were collected at 55
feet, 65 feet, 75 feet and 85 feet. TCE was detected at low concentrations
with 20 ppb found at 65 feet. The rig broke down at 91 feet and the augers
had to be straight pulled back to 70 feet. The well was installed through

the augers at this depth. The final well setting was 68 feet. After pulling

the remaining augers, the hole was grouted from 29 feet to the surface.
The well developed clean after air surging for 1 hour.

3
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December 5, 1983, Monday

The site personnel included all previously mentioned people plus J. Simmer,
GMC, and R. Day {replacement for R. Hunt, SEG).

M. Conway from TY 29 visited the site and filmed the drilling.

The weather was cool (30°F) with westerly winds and light snow.

The drill rig was set up at location #203 and drilling started at 1215.
Saturation was detected at 28 feet below ground level. Groundwater samples
were collected at 35, 45, 55, 65, 75, and 85 feet., No TCE was detected in
any of the samples and there were only trace amounts of PCE found. The hole
- was stopped at 88 feet because no significant contamination had been found.

A well was not set in this boring and the borehole was plugged with bentonite

: grout.

3

T Because some of the QA samples were showing some organic carryover from the
acetone, it was decided by SEG, KCS and E&E to discontinue using the acetone
and do the decontamination with TSP solution and clean water.

Based on the results of the samples from sites #201, #202 and #203, it was
decided that the next two borings and wells would be drilled upgradient of
the Newman Street Dump and the old hospital building to confirm that no con-
tamination was coming from upgradient at these potential sources. The sites
‘- had been cleared by Miss Dig during the initial site clearing. Locations
were staked and residents notified by E. Everett.

December 6, 1983, Tuesdav

Onsite personnel included:

R. Day E. Everett S. Merrigan J. Marion
M. Dunba- J. Simmer

H. Sidhu

: P. Levin
. D. Gayan

The drilling commenced at 1100 hours at site #204. Saturation was detected

at 50 feet. Samples were collected at 55 and 65 feet. A sample was attempted
at 75 feet, however, silt as encountered and very l11ttie water was recharging
to the augers, Clay was encountered at 81 feet and continued to 98 feet
where the hole was stopped. No contamination was “sund, SO no well was set

in the borehole., The borenc’e wa: grout?s with bentonite from 48 feet to

the surface.

,....-,.
’

December 7, 1983, Wednesday

. Site personnel were the same as the previous day. T. Eftaxiadus, MDNR, visitec
| the site during the day as an observer,

The weather was cold (18°F) with 30 to 40 mph westerly winds.
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The rig was set up at location #205 at 0900. The pIu? broke out of the bottom

of the augers at 45 feet, so the augers had to be pulled and a new plug installed,
Saturation was detected at 50 feet. Groundwater samples were collected at

60, 70, 80 and 90 feet. All zones produced high volumes of water during
development. There was no contamination detected in any of the samples.

No well was set and the borehole was grouted from 48 feet to the surface

with bentonite slurry grout.

It was decided by SEG and KCS to redril] well #201 because of the problems
encountered during the first efforts at that location in sampling at depths
greater than 50 feet. Clearances for additional sites on Clinton Street,
State Street and near the pumphouse were called to Miss Dig and assurance
for clearing by 12/9 was received.

December 8, 1983, Thursday

Site personnel changed somewhat on this date. J. Pincumbe returned to replace
M. Dunham (KCS), J. Sheahan replaced E. Everett (KCS), and Larry Froebe was
assigned to the project as site safety officer. T. Eftaxiadus from MDNR
visited the site as an observer.

The weather was cold {20°F), windy with snow flurries.

The drill was set up at 0900 to start hole #20la (redrill of site #201).

The hole was planned for straight drilling (no screened auger samples collected
during drilling). The hole was drilled to 92.5 feet. Several attempts were
made to set a well through the augers. After being unsuccessful, the augers
were pulled and work stopped.

A groundwater sample was collected from well #4. The analyses showed 330 ppb
TCE. Because this was significantly different than the low levels reported
by MDNR, it was decided that the well should be resampled on December 9.

December 9, 1983

The site personne!l w»as the same o5 December 8 after changes were made (as
noted above).

The weather was cold (20°F), cloudy and windy (up to 20 mph).

The rig and equipment were still set up over hole #20la. The hole was redrilled
to 87.5 feet and several attempts were made to sample through the screened
auger. Sampling was not success®.? which confirmed that the original data
collected at this site was accurate and that the formzi'on encountered at

depth would not yield sufficient quantities of wa*sr to warrant a deep well

or additional sampling attempts. The augers were pulled and the hole grouted.

A groundwater sample was collected again from well #4. The results showed
109 ppb TCE, which was still significantly higher than reported by MDNR.
Because of this high concentration, additional drill sites were planned up-
gradient and downgradient of this well,

al-
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December 10, 1983, Saturdgz

Site personnel remained the same as previous day.
Weather conditfons were cold (20°F), cloudy with 1ight winds.

The drill rig was set up at site #206 south of the pumphouse at 1015 after
problems getting the rig started were solved. The hole was drilled to a

total depth of 93 feet. Groundwater samples were collected at 20, 30, 40,

50, 60, 70, and 80 feet, A sample was not obtained at 90 feet due to clay
being encountered at that depth. All groundwater samples showed TCE contamina-
tion with the highest concentrations being in the zone from 20 to 40 feet.

A well was fnstalled with the screened interval being 25 to 35 feet. The

well was air developed after installation.

December 11, 1983, Sunday

Site personnel remained the same as previous day except that R. Day was replaced
by R. Hunt (SEG).

Weather conditions were cold (20°F) with winds up to 15 mph from the east.
Snow occurred later in the day.

The rig was set up at site #207 (Newman Street Dump) at 1200. The hole was
drilled to a total depth of 78 feet with saturation detected at 31 feet.
Clay was enccuntered at 64 feet., Groundwater samples were collected at 41,
51, and 61 feet. The sample at 41 feet showed 6.7 ppb TCE while none was
detected in the deeper samples. Because there were already wells at this
location, a well was not set.in this borehole. After pulling the augers,
the hole was grouted with a bentonite slurry from 26 feet to the surface.

December 12, 1983, Monday

Personnel onsite were the same as on previous days.

The weather was cool (32°F) with heavy overcast.

The drill rig was set up and drilling started at 0850 at location #208 which
was in the center of the block between State and Grant Streets on the south
side of Mason Street. Saturation was detected at approximately 27 feet.
Groundwater samples were taken at 30, 40, 50, 60, and 90 feet, Samples were
not taken at 70 and 80 feet due to the fine-grained material (sandy clay

and fine sand and silt) encountered, The samples collected from the upper
part of the aquifer showed very iow levels [Z.4-4.4 ppb) TCE and just a trace
of PCE. The deep sample (90 feet) showed no TCE and just 2 trace of PCE.
Because of the low concentrations of contaminants, a well was not set in

this boring. Having encountered a relatfvely impermeable layer between 69
feet and approximately 80 feet, the hole was grouted from 77 feet to approximately
60 feet. The hole was also grouted from 27 feet to the surface.
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December 13, 1983, Tuesday

The site personnel were the same as previous days.
The weather was cool (30°F), overcast with 1ight winds.

The drill rig was set up at location #209 (southeast corner of State and
Mason Streets) at 0845. Saturation was detected at approximately 29 feet.
Samples were collected at 30 and 40 feet and then the auger plug was lost.
The augers were pulled, plug replaced and the hole redrilled. Samples were
collected at 50 and 60 feet, C(Clay was encountered at approximately 71 feet
and no further samples were collected. The sample results showed TCE concen-
trations to be very low (2 ppb or less); however, PCE levels in all samples
were reported to be greater than 100 ppb. A well was set to 48 feet with

the screened section between 38 and 48 feet. The hole was grouted from 28
feet to the surface. A well guard was installed and the well air-developed.

December 14, 1983, Wednesday

The site personnel ramained unchanged from previous days.
The weather was cool (27°F), heavy overcast with 1ight winds.

Drilling commenced at 0900 at site #210 located at the southwest corner of

the intersection of State Street and Clinton Street., Saturation was detected
at 29 feet. Groundwater samples were collected at 30, 40, 50, 60, 70, 80

and 90 feet. The hole was stopped at 93 feet. Very low or non-detectable con-
centrations of TCE were found in this boring; however, PCE was found in signi-
ficant concentrations at all depths, The monitoring well was set to 48.5 feet
with 10 feet of screen set from 38.5 to 48.5 feet., The borehole was grouted
with bentonite s?urrv orout 20 feet to the surface. The well was air developed
after installing the casing guard,

December 15, 1984, Thursday

Site personnel remained unchanged from previous dayé.
The weather was cool (29°7;, with light winds and snow flurries,

The drill rig was set up at 0835 at site #211 which was on the west side

of State Street midway between Clinton and Mason Streets. Saturation was
detected at approximately 30 feet. Groundwater samples were collected at

35, 45, 55, 65, 75, and 85 feet. The hole was stopped at 87.5 feet. The
samples showed very low concentra..ons (3.0 ppb or less) TCE; however, they
had significant (although unquantified) concentratiors of PCE. No well was
set in this boring because there were wells in either direction north (#210)
and south (#209) of this location. The hole was grouted with bentonite slurry
from 27 feet to the surface.
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Drilling was started at location #212 (southwest corner of Clinton and Grant
Streets) at 1435, Saturation was detected at 31 feet. Groundwater samples
were collected at 35, 45, 55, 65, 75, and 85 feet. Very high levels of TCE
were detected from 35 to 65 feet with the maximum concentration being over
S45 ppb at 55 feet. The concentrations decreased to a low of 7.5 ppb at

85 feet. The monitoring well was set to 61.5 feet with the screened interval
being 51.5 to 61.5 feet. The well was air-developed after installing the
well guard.

This was the last well drilled during this phase of the investigation. The
drilling crew cleaned the rig and left Charlevoix on December 16, 1983.

1.6 Data Summary From Field Work

The analyses of groundwater samples collected during the field work are summarized

in Table 1 - Field Data Summary - Onsite Analysis. 8rilling logs with notes
are in Appendix 1. Notes on the drilling logs were added by Ed Everett (KCS).

2.0 GROUNDWATER SAMPLING AND LEVEL MEASUREMENT

2.1 Purpose

The purpose of the sampling effort was to gather data on trichloroethylene
(TCE) and perchloroethylene (PCE) concentrations and groundwzter levels

on all groundwater monitoring wells associated with the Charlevoix TCE contami-
nation site. The data collection and analysis by the Contract Laboratories
also served as a confirmation of previous field analytical data collected
during drilling operations. The scope and timing of this sampling activity

was determined by U.S. EPA,

2.2 Scope

The scope of the first round of groundwater sampling at the Charlevoix site
included the following samples:

. twenty (20) groundwater monitoring wells;

. three (3) duplicates;

. two (2) field blanks;

. one (1) rinse water sample;

. one (1) sample from the MDNR fish hatchery well.

MO O >

One monitoring well (T3) could not be sampled because of prior damage to the
well casing, possibly caused by a vehicle.

Groundwa ter samples were refrigerated in the field and packed according
to EPA Contract Laboratory Program (CLP) Protocol. Samples were shipped
via Federal Express to the Contract Laboratory either on the day the samples
were collected, or the following day. All samples were for volatile organic
analysis and were shipped to California Analytical Laboratories, Sacramento,

California.



2.3 Personnel

The sampling team included the following individuals and firms:

SEG - Rick Burke
Randy Day

KCS - Mark Dunham

2.4 Groundwater Sampling Procedure

2.4.1 Sampling Strategy

The decision was made to sample all groundwater monitoring wells associated

with the site since there had been no previous analysis by a Contract Laboratory.
The well samplies include those installed during the screened auger drilling
program (200 series) as well as the previously existing monitoring wells.

The analyses by the Contract Laboratory would also confirm previous field
analytical results obtained during the well drilling program.

2.4.2 Well Sampling Equipment

A1l monitoring wells were purged using a Johnson-Keck Model SP-81 stainless
steel submersibie pump with an EPDM stator. A 2-inch stainless steel bailer
was used for taking all monitoring well samples.

2.4.3 Well Depth and Water Surface Measurement

Before purging each monitoring well, the total depth of the well and the
location of the groundwater surface were measured and recorded. The total
depth and water surface were both measured with a float type electrical
measuring device, similar to those made by Keck Geophysical Instruments.
The instrument cable was marked off in S5-foot increments, and the distance
from the nearest mark to the top of casing was hand measured with a cloth
tape. All measurements were m2de from tne top of the well casing prior

to purging and sampling the well,

The float measuring device and cable was decontaminated after each use by
rinsing in Charlevoix Township water, drying with a paper towel, and placing
the assembly in front of the car heater outlet between sampling sites.

The unit was usually completely dry by the time it was used again. This
method of decontamination was sufficient in that the wells were purged ten
volumes prior to each samplino and the sequence of measurements was proceeding
from less contaminated to m. -2 contaminated wells. The adequacy of this
approach was confirmed by the analytical resclts of the groundwater samples,

2.4.4 Weli Purging

Each monitoring well was purged prior to taking the groundwater sample.
The volume of water in each well was calculated based on the total depth
of the well and the depth to water surface in ‘the well. The purge water
volume was then calculated at ten times the well water volume.

S
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The pump was operated continuously off the vehicle battery with the vehicle
engine running for the required purging perfod. The pump was located near
the water surface level in the well during purging to insure a complete
turnover of the water column during purging. The purge water was discharged
to the street,

2.4.5 Well Sampling

A stainless steel bafler was used for sampling all monitoring wells. The
specific procedure favolved bailing the well once and discarding the contents
of the bailer. Then the bailer was placed in the well again, filled, and

the water was used to fill the VOA bottles. The VOA bottles were filled,
capped and checked for trapped bubbles. The sample from the MDNR fish hatchery
well was collected directly into VOA bottles from a hose bib on the discharge
side of the booster pump,

2.4.6 Decontamination

Decontamination procedures included steps to avoid contamination of the
sample and well, and to minimize carryover of contaminants from one well
to another. In summary, the steps used to minimize contamination were as
follows:

A. Sample from the Teast to most contaminated wells based on ground-
water data developed during the drilling program.

B. Decontaminate the outside of all equipment used in the wells,
particularly the sampling pump and bailer.

. Use of decontamination wash and rinse solutions,

Solutions were used in sequence to decontaminate the well sampling equipment,
Trisodium phosphate wash (1 cup of TSP per 30 gallons) was used as a decon-
tamination sgc:uiton, Thi: <tep wzs fi’lowed -) a ciean water rinse. Al}

of the water used in the decontamination znu rinse solutions was from Charlevoix
Tecwnship, which prior analysis snowec was free of TCE and PCE.

The sample pump was decontaminated by pumping decon solution for five minutes
followed by five minutes of pumping clean water rinse solution. No decon-
tamination solutions were recirculated. After passing through the pump,

both the decontamination solution and the rinse water were discharged to

the street.

The bailer wz¢ washed in tne gecontamination solution and rinsed in clean
water, To precent freezing, the bailer was left ‘n the clean water rinse
between sampling locations.

During the day of December 21, 1983, when 15 groundwater wells were sampled,
nearly 200 gallons of water were used for decontamination and rinsing.

A1)l of these solutions were discha~ged to the street after passing through
the pump or other decontamination use.

elZ~
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2.5 Sampling Chronology

The following chronology summarizes the major activities and events for
each day of groundwater sampling work at the Charlevoix site, December 20

through December 22, 1983.

December 20, 1983, Monday

The weather was clear with a Tow of below 0°F, and a high of 10-20°F, with

very 1ittle wind. Randy Day of Snell Environmental Group, and Mark Dunham,

of Keck Consulting Services, met at the site on Monday morning, obtained
decontamination water at Charlevoix Township, and began to sample the monitoring
wells. Vehicles on the site were a van and a 4-wheel drive truck, Wells
sampled on this day and the sampling are listed below:

Well No. Sample No.
1 CVX-GL=-001-1
3 CVX-GL-003-1
7 CVX=GL=-007-1
6 CVX-GL-006-1
1

1 CVX-GL=-011-1

Progress during this first day was less than anticipated since a significant
amount of time was lost when the 4-wheel drive vehicle was stuck when

trying to reach Well No. 1. Snow depths were 16 to 20 inches. Rick Burke
of Snell Envirommental Group arrived on the site as Well No. 11 was being
sampled, After completing that well, we discussed how operations may become
more efficient and productive during the next work day. It was decided

to operate boYn griuncwater purging pumps in tandem while a third member

of the crew would proceed ahead and take well depths and level measurements,
This plan was put into action the following day.

December 21, 1983, Tuesday

The weather consisted of snow with temperatures 10-20°F and an increasing

wind throughout the day rising to 15 to 20 mph by late afternoon, Decontamina-
tion water obtained at Cherlevoir Township anc une first samples were taken

at approximately 8:30 on Tuesaay morning. The groundwaters taken and the
order of sampling are as follows:

-13-
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well Mo, Well Mo.

2 CYX-GL-002-1

T6 C¥X-GL-106-1

TS CVX-GL-105-1

201 CYX-GL-201-1
CYX-GL=201-1D

202 CVX-GL=-202-1

209 CVX-GL-209-1

210 CYX-GL=-210-1

5 CVX-GL=-005-1

8 CVX-GL-008-1
CVX-GL-008-1D

Tl - CY¥X-GlL=101-1

T4 CVX-GL-104-1

MUNR Well (213) CVX-GL=213-1

T2 CVX-GL-102-1

206 CVX-GL=-206-1

Rinse Water (280) CVX-GL-280-1

4 CVX=GL=-004-1

212 CVX-Gl-212-1
CVX-GL-212-1D

L = Suplicate

The above samples include 2 sampic taken at the MDNR fish hatchery well
(sample labeled 213) which was obtained directly from a hose bib at the
discharge of ihe booster pump.

A sample of the rinse water was taken for analysis by the Contract Laboratory
after sampling the high concentration wells T2 and 206, and prior to sampling
the remaining two wells (4 and 212) which had known high concentrations

of TCE. Subsequent laboratory analyses found the rinse water to have 17 ppb

TCE, while the remaining two monitoring wells were both over 400 ppb TCE.

Sampling was completed on Decerter I, in spite of again getting the 4-wheel
drive vehicie stuck while sampling well T4,

A1l of the samples from the December 20 work and some of the December 21
samples were shipped to the Contract Laboratory for analysis. Federal Express
picked up the samples at the motel room,

December 22, 1983, Wednesday

On Tuesday night and early Wednesday morning, paperwork was completed for

the remaining samples taken cr December Z., and the cooler was packed for
shipment. Weather on this day was temperature of 10-20°F, with winds out

of the west at 25 to 45 mph, A winter storm was approaching. After completing
the paperwork, the samples were driven by Rick Burke to Traverse City, while
Randy Day and Mark Dunham returned directly to the Lansing area. The samples
were given to Federal Express in Traverse City, Michigan at approximately noon,
Roads were closed by the State Police in the Charlevoix area beginning at

2:00 P.M. Wednesday.

<14-
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2.6 Sample Documentation

A summary of the sample tracking documentation for the groundwater samples
is given in Table 2 - Sample ldentification Matrix.

2.7 Data Summaries from CLP Amalysis

The data obtained from the sampling effort for CLP analysis is presented

in the following tables. These tables will be evaluated in conjunction with
the analyses obtained during the field drilling effort in another section

of the Technical Memorandum,

Table 2 - Field Data Summary, First CLP Sampling

Table 4 - Summary of Orgamic Analysis

3.0 FIELD HYDRAULIC CONDUCTIVITY TESTING

The work for this subtask has not been compieted due to difficulty getting
the appropriate equipment and adverse weather conditions. The work is tenta-

tively scheduled for the week of April 9, 1984,

A1l the "200" series wells will be tested and selected additional wells will
also be tested. We estimate that 10 to 12 wells will be tested.

These tests will be conducted as follows:

1. Set pressure transducer into well approximately 20 feet below static
water level., Allow the transducer to stabilize (temperature),

then check the zero reading.

2. Put sealed tube into the well to displace approximately one gallon
of water (to be installed quickly).

3. 5tart reading meter at selected time intervals until well reaches
original water level,

4, Rapidly pull tube from well.

5. Record well recovery at selected time intervals until well reaches
original static water level,

6. All equipment wiil be cleaned between each borehole with TSP solu-
tion and a clean water rinse.

We anticipate that this testing will require 2 days of field work. Upon
completing the work, an addendum to this Technical Memorandum will be prepared

and submitted to CHZ2M-Hil1l and EPA.

«15-
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4.0 ANALYSES OF DATA

4.1 Geological Setting

The borings completed during this field work and other available data shows
that the upper 50 to 80 feet of glacial deposits consist of sand to sand and
gravel, At varying depths, finer grained soils ranging from silty sands to
silty clays, are encountered. The elevations of these less permeable materials
are not consistent, varying from a high of 537 feet msl (#209) to below 500
feet msl (#210). The varfability of the geology is to be expected considering
the high energy depositional and erosional glacial history of this area.

The depth to the water table varies with the changes in topography. Depth
to water on the highest elevations is approximately 50 feet, whereas near
the pumphouse the depth to water is only 11 feet below ground level,

Material encountered below the level of saturation varies significantly which
affects the permeability of the strata and consequently may alter local ground=-
water flow. The ability to develop water through the screened auger used for
drilling allows some evaluation of the relative permeability of the different
strata. Many zones were producing more than 10 GPM during development.

We estimate that permegbility of materials producing these quantities of

water to be 150 GPD/ft® or greater. The silty sand deposits that were either
very difficult or 1mp5act1ca] to develop clean are estimated to have permea-
bilities of 50 GPD/ft" or l1gss. Most formatijons will fall into the range

of 50 GPD/ft"™ to 150 GPD/ft".

4,2 Groundwater Flow Pattern

Water levels were measured in all wells during the sampling and level monitor
subtask., All water levels were measured to the nearest 0.0l foot relative

to the top of casings which have been surveyed to USGS Datum. The survey
data is attached as Table 3 - Field Data Summary, First CLP Sampling.

The water level elevations were plotted and the resultant contours are shown
on Figure 2, Groundwster Contour Map.

The area in which this investigation was conducted is a peninsula that is
boundec on the northwest by Lake Michigan, on the north by the channel of

the Pine River and to the northeast by Round Lake. These bodies of water

are interconnected and have close to the same elevation which is approximately
580 feet mean surface level (msl). The groundwater flow appears to be divided
between these surface water bodies while generally flowing north into the
study area. The dividing line for splitting flow between Round Lake to the
east and Lake Michigan to the west appears to be just west of State Street.

Using the permeability ranges indicated in Section 4.1, we can estimate flow
rates for the permeable 2ones. Estimated flow rates, assuming gradient of

.005 ft/ft, are listed below:

Permeability Flow Rate

50 GPD/ftg approx. 0.17 ft/day
100 GPD/ft2 approx. 0,33 ft/day
150 GPD/ft2 approx. 0.50 ft/day
200 GPD/ft approx. 0.66 ft/day

-16-
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4,3 Groundwater Quality

Results from the groundwater sampling have been plotted on maps of the area
to show aerial distribution of the contamination. CLP and field results

for TCE are shown on Figure 3., Figure 4 shows the PCE results obtained from
the CLP analyses. Results below a detection 1imit of .5 ppb are not shown

on the figures.

High levels of TCE were found in wells #102 (405 ppb), #205 {230 ppb), #212
(730 ppb), and #4 (480 ppb). All other wells sampled show some TCE contamina-
tion, although most concentrations are very low -- less than 10 ppb except

in well #201 (14 ppb). This contamination is apparently centered in a narrow
plume that extends from the municipal well, up Clinton Street area to just
east of Grant Street,

High levels of PCE were found in wells #11 (340 ppb), #209 (130 ppb), #212
(110 ppb), and #206 (54 ppb). Most other wells sampled show low levels of
PCE (generally less than 10 ppb). Until this contamination reaches the area
of wells #4 and #212, it does not coincide with the high levels of TCE found.

The source of the PCE and TCE contamination are apparently separated based
on where the highest levels of contaminants are first noted (PCE in well

#11, and TCE in well #4).

Comparing the groundwater contours and resultant flow directions, it appears
that the source of the TCE contamination is within the block south of Clinton
Street, north of Mason Street, east of Grant Street and west of State Street,
Wells on the east and south sides of this block indicate that only low concen-
trations of TCE are entering this area from these directions. It is possible
that the source could be south of this block and the plume has passed between
existing test locations; however, the source would have to be close to Mason
Street, otherwise it is 1ikely that lateral dispersion would have caused
greater impact at one of the test locations,

The municizai well i treating 3n artificial groundwater discharge which

draws groundwater from the impacted area west of Sta2te Street toward it,.

This municipal well will continue tc draw contamination toward it until it

is shut down or the plume has been purged through this well, Even considering
the highest rate of groundwater flow (0.66 feet per day), TCE will impact

this well for a minimum of 4 years assuming that the contamination moves
directly with the groundwater. Considering that the average flow rate is
probably lower than the 0.66 ft/day, and that some attenuation and release

of contaminants will occur in the soils, the problem will persist for many
years. The PCE contamination, which is furthe: 1 the sgutneast than the

TCE, will impact the municipal well for an even longer period of time.
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TABLE 1

FIELD DATA SUMMARY
CHARLEVOIX, MICHIGAN REMEDIAL INVESTIGATION
SOURCE IDENTIFICATION TASK

ONSITE ANALYSIS

f e e e M1 Smame s

Well Date Sample Level of ?.:‘“‘1’:‘" TCE
No. Samp! ed NO. Protection ring | (ppb) Notes
Depth
201 11/30/83 CVYX-GF-201-RB1 D Rinse Water No Clean water before
Peaks rinsing
201 12/01/83 CVX-GF-201-040 D 40' 11
201 12/01/83 (CVX-6F-201-050 D 50' 9
201 12/01/83 CVX-SF=-201-01 D Unknown  Back- Sofl sample with auger
ground at 72'; HNU reading
only
5 12/02/83 CVX-GF-005-12-2 D -—- 2.5
2 12/02/83 CYX-GF=-002-12-2 D - None @40 ppb PCE; sampled
with pump
201 12/03/83 CVX-GF-201-052 D 52! 10.4
201 12/03/83 CVX-GF-201-052 D 52' 25.0 Sampled with pump
TS 12/03/83 CVX-GF-105-12-3 D R 22.5 Sampled with pump
TS 12/03/83 CVX-GF-105-12-3 D .- 17.0
T6 12/03/83  CVX-GF-106-12-3 D .- 2.0 Sampled with pump
T6 12/03/83 (CVX-GF-106-12-3 D .- 2.0
202 12/03/83 CVX-GF-202-035 D 35! 5.2
202 12/03/83 CVX-GF-202-045 D 45! g.C
202 12/04/83 T¥h-Gl=202-050 D 50' 6.5
202 12/04/83 CVX-GF-202-065 D 65" 15.0 Sampled with pump
202 12/04/83 CVX-GF-202-065 D 65" 20.0 Sampled with bailer
202 12/04/83 CVX-GF=202-075 D 75! 3.0
202 12/04/83 CVX=-GF-202-085 D 85' < 1.0 Soil sample with auger
202 12/04/83 CVX-GF-202-085 D 85' < 2.0 Sampled with bailer
203 12/05/83 CVX-GF-203-035 D 35! None PCE present
203 12/05/83 CVX-GF-203-RB1 D Rinse Water None [Dirty
203 12/05/83 CVX-GF-203-045 D 45! None  PCE present
203 12/05/83 (¥X-GF-2Q3-055 0 55! None  PCE present
203 12/05/83 CVX-GF-203-0865 D 65" None PCE present
203 12/05/83 CVX-GF-203-075 D 75! None PCE present
203 12/05/83 CVX-GF-203-08% D 85' < 1.0 PCE present
202 12/06/83 CVX-GF=202-12-6 D ——- 5.5
204 12/06/83 CVX-GF-204-RB1 D Rinse Water < 1.0 Clean
204 12/06/83 CVX-GF-204-055 D 55! 0.9
204 12/06/83 CVX-GF-204-065 D 65' 1.4

T-1a



TABLE 1

FIELD DATA SUMMARY
CHARLEVOIX, MICHIGAN REMEDIAL INVESTIGATION
SOURCE IDENTIFICATION TASK

ONSITE ANALYSIS

Sample*
wWell Date Sample Level of Borin TCE
No . Sampled No. Protection S (ppb) Notes
Depth
8 12/07/83 CVX-GF-008-12-7 D --- 33
205 12/07/83  CVX-GF-205-060 D 60" None
205 12/07/83  CVX=-GF=-205-070 D 70" None
205 12/07/83 CYX-GF-205-080 D 80" None
205 12/07/83  CVX-6F-205-090 0 90" None
205 12/07/83 CVX-GF=205=-RB1 D Rinse Water ¢ 1.0 Clean
4 12/08/82  CVX-GF-004-12-8 D .- 330
T1 12/08/83 CVX=GF-101-12-8 D - 1.7
T2 12/08/83 CVX=(F-102-12-8 D - 229
4 12/09/83 CVX-GF-004-12-9 ) .—- 109
4 12/10/83  CVX=GF-004-i2-13 D -—- 182
206 12/10/83 YA=3F=206=020 D 20" 286
206 12/10/82 CVX-GF-206-030 ) 30" 364
206 12/10/83  CVX-GF-206-040 D 40" 264
206 12/10/83  CVX-GF-206-050 D 50" 152
206 12/10/83 CVX-GF-206-060 ) 60" 1
206 12/10/83  CVX-GF-206-070 D 70! 107
206 12/10/83  CVX-GF-206-080 D 80" 36
3 12/11/83  (VX-GF=-003-12-11 D - < 1.0
-1
3 12/11/83  CVX=-GF-003-12-11 D .- < 2.0
&2 .
11 12/11/83  CVX-GF=-011l-12-1" D .- 19.0 PCe-Evac. 5 Casing Vol.
11 12/11/83  CVX-GF=011-12-11 D —-- 3.0 PpCE-Evac. 10 Casing Vol.
-2
11 12/11/83  (CVX-GF-01ll-12-11 D .- 3.C PCE-Evac. 20 Casing Vol.
-2
207 12/11/83 CVX-GF-207-041 D 41" 6.7
207 12/11/83 CVX-GF-207-051 D 51" < 1.0
207 12/11/83 CVX-GF-207-061 D 61" < 1.0
206 12/12/83  CVX=GF-206=12-2 D .- 300
208 12/12/83 (CVX-GF-208-030 D 30" 2.4 PCE present
208 12/12/83 CVX-GF-208-040 D 40" 3.3 PCE present

T-1b
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TABLE 1 O gt !
- o
FIELD DATA SUMMARY (H |
CHARLEVOIX, MICMIGAN REMEDIAL INVESTIGATION /19
SOURCE IDENTIFICATION TASK o{
ONSITE ANALYSIS 4 N \0
o
Well Date Sample Level of gg'ﬂg?r'f TCE
No. Sampled No. Protection Degthg {ppb) Notes
209 12/13/83 CY¥X-GF=209-RB1 D Rinse Water < 1.0
209 12/13/83 CV¥X-GF-209-030 D 30 <1.0 resent
209 12/13/83 CVX-GF-209-040 D 40' 2.0 @7100 ppb PCE
209 12/13/83 CVX=-GF=209-050 D 50° < 2.0
209 12/13/83 CV¥X-5F=-209-060 D 60 < 1.0 PCE present
209 12/14/83 CVX-GF-209-12-14 D .- 1.5 PCE present, well
sample
210 12/14/83 CYX-GF-210-RB1 D Rinse Water < 1.0 Clean
210 12/14/83 CVX-GF-210-030 D 30' <1.0 €100 ppb PCE
210 12/14/83 CVX-GF-210-040 D 40' 2.0 PCE present
210 12/14/83  CVX-GF-2.0=050 D 50! 2.1 PCE present
210 12/14/83 CYX-GF-210-060 9] 60' 5.0 PCE present
210 12/14/83 CVX-GF-210-070 0 70! 2.5 PCE present
21C 12/14/83 CVX-GF-210-080 D 80’ 1.5 PCE present
210 12/14/83 CVX-GF-210-090 D 90! 1.5 PCE present
T4 12/14/83 CVX=GF-104-12-13 D —.- <1.0
211 12/15/83 CVX-GF-211-RB1 D Rinse Water one Llean
211 12/15/8:2 CVX-GF=211-035 D 35 3.0 PCE present
211 12/15/83 CVX-GF=211-045 D 45" 3.2 PCE present
211 12/15/83 CVX=-GF-211-055 D 55! 3.0 PCE present
211 12/15/83 CVX-GF-211-065 b 65' 2.3 PCE present
211 12/15/83 CVX-GF=211=-075 D 75! 1.8 PCE present
211 12/15/83 CVX-GF-211-085 D 85! 1.8 PCE present
212 12/15/83 CVX-GF-212-035 D 35 458
212 12/15/83 CVX-GF-212-045 D 45! 475
212 12/15/82 CVX-GF-212-0F¢% D 55! > 545
212 12/15/83 CVX=-GF-212-065 U 685" 270
Zi 12/15/83 CVX-GF-212-075 D 75" 50
212 12/15/83 CVX-GF-212-085 D 85" 7.5

* Where no depth is noted, sampling was from a set monitoring well.

monitoring wells, see "First CLP Sampling” table.

Notes

1.
2.

For depths of

Al1 samples taken with bafler after evacuation with pump unless otherwise noted.
RB is Rinse Water sample,
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TABLE 2

SAMPLE IDENTIFICATION MATRIX
CHARLEVOIX, MICHIGAK
SOURCE IDENTIFICATION TASK
FIRST CLP SAMPLING

Laboratory Service - California Analytical Lab

R o PR bt i v

Sample “Date Date ATrBIT] Sample Chain of
No. Sampled Shipped No. Tag No. Custody No.
CVX-GL-001-1 -12/20/83 12/21/83 | 454603155 |5-47501/5-47502 5-10490
CVX-GL-002-1 12/21/83 12/22/83 | 454603166 |5-47503/5-47504 5-10494
CVX-GL-003-1 12/20/83 12/21/83 | 454603155 |5-47505/5-47506 5-10490
CVX-GL-004-1 12/21/83 12/22/83 | 454603166 |5-47507/5-47508 |5-10494/5-10495
CVX-GL-005-1 12/21/83 12/21/83 454603155 |5-47509/5-47510 5-10491
CVX-6L-006-1 12/20/83 12/21/83 | 454603155 |5-47511/5-47512 5-10490
CVX-GL-007-1 12/20/83 12/21/83 454603155 |5-47513/5-47514 5-10490
CVX-GL-008-1 12/21/83 12/21/83 | 454603155 |5-47515/5-47516 5-10491
g CVX-GL-008-1D 12/21/83 12/21/83 | 454603155 [5-47517/5-47518 5-10491
, CVX-GL-011-1 12/20/83 . 12/21/83 | 454603155 |5-47519/5-47520 5-10490
" CVX-GL-101-1 12/21/83 | 12/21/83 | 454603155 |5-47521/5-47522 5-10492
' CVX-GL-102-1 12/21/83 12/22/83 454603166 |5-47523/5-47524 5-10495
CVX=GL=103-1 | ecccaca-a- decccccccccctecannccnans +Not Sampled--eeegeccceccccacecen
CVX-GL-104-1 12/21/83 12/22/83 454603166 |5-47527/5-47528 5-10495
CVX-GL-105-1 12/21/83 12/21/83 | 454603155 |5-47529/5-47530 5-10490
CVX-GL-106-1 12/21/83 12/21/83 854603155 |5-47531/5-47532 5-10490
CVX-GL-201-1 12/21/83 ' 12/21/83 454603155 |5-47535/5-47536 5-10491
CVX-GL-201-1D 12/21/83 | 12/21/83 454603155 |5-47533/5-47534 |5-10490/5-10491
CVX-GL-202-1 12/21/83 12/21/83 454603155 |5-47537/5-47538 5-10491
CVX-GL-206-1 12/21/83 12/22/83 454603166 |5-47539/5-47540 5-10494
CVX-GL-209-1 12/21/83 12/21/83 454603155 |5-47541/5-47542 5-10491
CVX-GL-210-1 12/21/83 12/21/83 454603155 |5-47543/5-47544 5-10491
CVXeGl=212-1 12/21/83 | 12/22/83 454603166 |5-47545/5-47546 5-10494
CVX-G6L-212-1D 12/21/83 12/22/83 | 454603166 |5-47547/5-47548 5-10494
CVX-6L=213-1 12/21/83 12/22/83 454603166 (5-47556/5-47557 5-10494
CVX-6L-280-1 12/21/83 12/22/83 | 454603166 5-47555 5-10495
CVX-GL~291-1 12/21/83 12/22/83 | 454603166 |5-47549/5-47550 5-10494
CVX-G6L-293-1 12/21/83 12/22/83 454603166 |5-47553/5-47554 5-10494

T=2
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TABLE 3

FIELD DATA SUMMARY
CHARLEVOIX, MICHIGAN
SOURCE IDENTIFICATION TASK
FIRST CLP SAMPLING

USGS Static USGS Well Purge
Well Date Sample Top of Water Water Depth Yolume Yolume
No. Samp! ed No. Casing Level Level of Well (qal) (gal)
1 12/20/83 CVX-GL-001-1 643.35 30.12 613.23 46.0 2.7 27
2 12/21/83 CVX-GL-002-1 607.31 24.88 582.43 36.0 1.9 19
3 12/29/83 CVX-GL-003-1 641.16 54 .65 586.51 68.0 2.2 23
4 12/21/83 CVX-GL-004-1 610.00 29.40 580.60 34.6 0.9 9
5 12/21/83 CVX-GL-005-1 628.80 49,56 579.24 56.5 1.2 12
6 12/20/83 CVX-GL-006-1 625.35 40.17 585.18 53.0 2.1 22
7 12/20/83 CVX-GL-007-1 620.43 22.27 598.16 37.0 2.5 25
8 12/21/83 CVX-GL-008-1 626.90 46.62 580.28 57.0 1.7 18
8D 12/21/83 CVX-GL-008-1D 626.90 46.62 580,28 $7.0 1.7 18
11 12/20/83 CVX-GL-011-1 638.00 54.18 583.82 67.0 2.1 22
- Tl 12/21/83 CVX-GL-101-1 596.89 16.84 580.05 27.8 1.8 19
& T2 12/21/83 CvX-GL-102-1 595.11 15.50 579.61 25.5 1.7 17
LI I B Not Sampled --| 591.47 12.12 579.35 24.0 2.0 20
T4 12/21/83 CVX-GL-104-1 587.00 8.00 579.00 21.0 2.2 22
T5 12/21/83 CVX-GL-105-1 612.95 29.57 583.38 36.0 1.1 11
T6 12/21/83 CVX-GL-106-1 614.42 31.09 583.33 34.5 0.6 6
201 12/21/83 CYX-GL-201-1 615.66 34.56 581.10 51.5 2.8 29
2010 12/21/83 CVX-GL-201-1D 615.66 34.56 581.10 51.5 2.8 29
202 12/21/83 CVX-GL-202-1 613.30 31.95 581.35 68.5 6.1 61
206 12/21/83 CVX-GL-206-1 594 .41 14.17 580.24 35.0 3.5 35+
209 12/20/83 CVX-GL-209-1 611.38 29.99 581.39 49.0 3.2 32
210 12/21/83 CVX-GL-210-1 609.12 28.50 580.62 49.0 3.4 35
212 12/21/83 CVX-GL-212-1 612.08 31.80 580.28 61.0 4.9 49
2120 12/21/83 CVX-GL-212-1D 612.08 31.80 580.28 61.0 4.9 49
213 12/21/83 CVX-GL-213-1 DNR -~ -—- - -——- —we-
Fisheries
Well
280 12/21/83 CVX-GL-280-1 Rinse - - --- --- -
Drum
291 12/21/83 CVX-GL-291-1 Field ——- ——- —— _—— -———
Blank
293 12/21/83 CVX-GL-293-1 Field -—- -—- - - ---
Blank '

Note: Level D Protection used on all samples. *Water level data not used; measurement in error,




WEBE 03 A gt Unass IO - > IR | oy =+ 114 ¢ SO

or— ) ro— o e Pomee s — - : A | i




e

P [y —)

N CoLmmn l“:_"_‘—' e e
~ = ;’
S T’ {
“ \\\\t\.\" ;&;&g\\n i “ P R N .
- MOMA WELL ~ i
. ':u" ( \\\\—_____l [
Pt —
, é/‘ (. avE g
NTAKE FLUMME r &S -
ume STATION———F___ ¥t == ‘—— . \
© e ) _CLwToN _Je VLI
s .c.' P _._-r’lll T B, - 00 ' \
e ) mJ o .
: e - ' R T s
~ - -QM__]- b o !
" - o FISS o fon) ' j‘—\ .
/(/‘ ANTRIM jL ' l § o

]| W&mﬂv_:__u_

.;l o7 Ji ‘] -'";;:ﬁ : I

|

i

N

. T S N N N
/ nm-w.;;:m - "J :lgggjl '!
oy e N S B

A

FISURE |
WELL LOCATIONS
CHARLEVOIX MICH MITE




FIGURES

“ [ TN [ IR [ ?eu;J

- e oo ] [ vt | oy pre -y By [y 4 e M — L e ——— R -




(e B~ Q= R e |

oA

.
¥

L3RS M)J

- 4

Well No.

Method Blank
1
2
3
3D
Spike

60
Spike

212

212D
DNR Well (213)
Rinse Water (280)
Field Blank (291)
Field Blank {292)

N = NDunlicate

. TABLE

Fla Y
SUNMARY

4

OF ORGANIC ANALYSIS

- CHARLEVOIX, MICHIGAN

SOURCE IDENTIFICATION TASK

- FIRST CLP SAMPLING

" Trichloroethyl ene

Tetrachloroethylene

{ppbj

<
<

0.5
0.5
0.6
0.5
0.5
4.7
480
0.5
0.5
0.5
4.7
0.5
8.1
8.8
8.8
3.0
405

(5.0)

Not Taken

<

<

0.5
5.5
0.5

14

11
5.7
230
4.0
0.7
730
660
2.2

17

< 0.5

1.7

T4

(ppb)
< 0.5
0.6
18
0.8
0.6
0.7
21
4.3
0.5
0.5
0.5
0.5
2.3
1.7
340
2.6
< 20
Not Taken
2.0

2.6

4.8

1.6

< 0.5
2.3

54

130

11

< 50
110

67

< 0.5
1.7

< 0.5
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DRILLING LOGS




s

" 'LOG OF SO BORING NS

B0
* OATE __ :
_SURFACEELEV.
] . y
-2 Moist, medium, light broun SIM
%wﬂm traces of siit
lo. .1; 4 [T
X g P - R ]
Hoist. nedh.. dark brown SMD with
... | traces of sﬂt
'_ ' 6'6 | ' - :
' ] Moist, medium,1ight brown SAND with ‘
traces of sﬂt 8
1 5
R v -
, 11
20" Iz
| Moist, medium, 1ight brown SAND T3 -7
i with traces of gravels & silt
f ‘ 14
! 15
| 120 I S o
: S, G &
f 7
1 —
| , : z
I i 1
| ‘ 7
22'0" ; . 22
b ' Moist, medium to coarse, brown SAND 23 -
| with little fine gnveI md traces
Lot of sﬂt - g 4 : _ !
. s . [ . .
A_‘I' S A 3 1.
TYPE OF SanPL g REMARKS. GROUND 'A]’ll QBSERVATIONS
8. ~OisTURDED . L : . ‘
U-L.oUnonT. Lingnp 0 e . o.w. ENCOUNTERED AT 37! rY. G" s
S5, 2317 $R00N | Srandend Punsteeisn Tost - Detving 0D Semplor I Wb | O ¥+ AFTER COMPLETION 351 FT. g ‘gu 3.




muo. HG-83015 " smosser _ C!nr“lmix =~ Monitoring Wells - .o . . camav.

ST « SIBEETS o I0ONOMETS + WNERINS
. 19128 GEAALD, NORTHVILE M8 48147 (1Y) 30000

8 6IC Asodaerine. Reoces | Mueen
‘ S age 2 o - - :

| Y R 0 el e A TS
.| Moist, medium to coarse, brown SAND '
21 with 1ittle fine gnvﬂ and tncu 77 : .
~of silt -
' ..
29 A
i -
t
31
k74
3
34
5
35
' k¥
! 38
|
I 39
| .
T —~
Ly
'
: 43 -
E Rl
| “ '
45
i %%
! 47
i
48
* ¥ ‘9
i |
1 i ]
L. ] TYPROF SAmPLE RERARKS: o - . GROUND WATER OBSEAVATIONS ~'-.: '
Uy 0. =0IsTURDED . - o Lo o R - AN . '.‘A "".'»(.'I:;'“b-".
V-L.oUNOMY. LINERT e T L e ©T 0 L emancountenesar . ev. o wm]
:I'-:::'r':ror::' Stondard Pesatrotion r..o-ovm..r'oo Sa-obr" wig | ¥ APTER COMPLETION :: ::' :




SRty

. P ‘.
o N I
ok . b v

Ao ean

. .
N oo
ea el
S

R R R

(l.'. g

..
- -

g e
Pty e b
4

a1

opppte S o Y oo

;
LB
:

Moist, medium to coaru,‘“h-m SAND

$.8 ~3PLIT $POON

e BB - 2. Aa Bv® 9 . s

G.W. AFPTERN

.
"] with jittle fine gravel id traces
of siit .
53
—
1= SR 57
. \‘ y 3]
. Bigher it a-\cl
. -3 L P\u. ggno conTEeOT
ﬁ/ . THAw INDBUE AT e
CTUL 6N TS ke -
| Hou® PiRoO0eO-D &2
: ~ . I VERY cirmLE wnreﬂ-
163 0" : RETER &O° 03
Wet, coarse, brown SAND with 11tt1e 64
silt and gravel and traces of clay
HLsk sl and fna s,mn
' | canTTROT - 23 66
i ' ; 57
68 .1
H T
] 09
.,.' 70
: o 71 i
' T2 g
- T3
{ " e
TYPE OF SAmPLE REMARKS, A AR ss, . c:ouno WATER ouuuﬂoﬂ o
O ~DSTURBED R A LY PR ; sy AR
V.L.oUNOIST, LINER IR AR i o G.N. ENCOUNTZRED AY oer. ws.
$.T.=SHELBY TUBE Sr«lul ’".m".. T“' : Dmn. 2" 00 ,...l.' 1wt | &7 APTER co-puv’::: : :: :: |

et



TYPE OF SAamPLE
0. . =STURBES
U.b. =¥ NOB T, LiNgR
$.T. =SnELAY TUSE

$.5. =$PLIT SPOON

Slulo" Pounoﬂu Tu! - Dthh. 7 0D Sempioe I’ Wb

- - - _taa_ _ s Mot 2o A" toan o b

86'0°. -
; END OF BORING —
91
. . - 9_2
33 B
. 9% )
97
T R S 100 T

CROUND 'AT (1] OISIIVAM

L. ﬁ-t."'_“.".

- o 0.%. ENCOUNTERED AT R L
.. AFTER COMPLETION . 4
G.W. AFTEA ’

NAS. ‘ [a 8

T s

e |

ns.




o

Fremd w0 03 o TR

Steel, 4" 00, Guard Pipe (locked)
%A s b

‘r,,-Concrete -

__;,;E:gund Surface . ;‘\’\-
2* PVC Pipe -——\J
- (flush joint) - ‘»

’

-2'Q"

Borehole

Bentonite Grout

— 270"
Natural Soil _ g
(hole collasped)
2" PVC Well Screen —40'0"

(flush joint, .006 slot)

e

END OF BORING ACTUALLY B86'p

)

e

B#201 Sketch of Well Installation
Charlevoix Monitoring Wells
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AMdendum
TASK TECHNICAL MEMORANDUM
T™0: Bruce Cutright, CH2M-Bill

FROM: Rick Burke, Snell Environmental Group, Inc.
Ed Everett, Keck Consulting Services, Inc.

SUBJECT: Charlevoix, Michigan Remedial Investigation
Task 2 - Source Identification Program
Hydraulic Conductivity Testing

JOB NO.: W65253.0

INTRODUCTION

The March 27, 1984 Task Technical Memorandum outlined the work
to be done to determine the hydraulic conductivity of the
water-table aquifer in the area of the soil borings done
during December, 1983. This work was done on April 16 and 17,
1984.

The work activities herein were performed in partial satis-
faction of BOA SC-5-023, Work Assignment No. 46-5283.0, RI
Task 2.

1.0 FIELD HYDRAULIC CONDUCTIVITY TESTING

1.1 Purpose

The purpose of running these tests was to determine the
permeability of the aguifer for prediciing flow rates and
potential purge volumes.,

1.2 Scope
The outline in tun2 Task Technica. Memorandum called for

testing 10 to 12 wells including all "200" series wells and
selected other wells within the area of contamination.

1.3 General Procedure

In-situ hydraulic c¢onductivity tests can be conducted (on
small diameter wells] by injection cor extraction of a known
volume of water and then measuring the change in head toward
equilibrium over time. During the planning stages of this
work, it was determined that injection of water into the well
would be undesirable due to possible effects on future water
quality analyses. Extraction of a known volume of water was
also judged to be undesirable if it involved pumping the water
onto the ground also this is a difficult procedure to
accomplish.

-l-
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The proposed method was to use a displacement technique, where
a tube (sealed) of known volume would be lowered into the well
to displace water. When the tube is installed in the well,
the water level rises and then returns to original level and
upoa pulling the tube (after reaching equilibrium) the water
level will recover back to original static water level. The
specific procedure is outlined below:

l. Set a pressure trangducer at the bottom of the well or 20
feet into water.

2. Allow the transducer to stabilize (temperature dependent),

pull the transducer to0 above the water level and check for
zerc reading, adjusting as necessary.

3. Put displacement tube (one gallon volume displacement) into
well and lower quickly into the water.

4. Record transducer reading prior to displacing water and
start recording readings when tube is in place.

5. Record decline in water level until equilibrium is reached.
6. Rapidly pull tube from well.

7. Record readings during recovery of water level until equi-
librium is reached.

8. Clean all equipment with TSP solution and rinse with water
from the Township supply.

1.4 Personnel

The project team consisted of Keck Consulting Services, Inc.
(KCS) perscnnel - Ed Everett and Jeff Pincumbe. Prior to
starting the work, we met with Mr. Larry Levengood, District 3
Health Department to discuss the work and get keys for all the
wells,

1.5 Field Work Chronology

All work was conducted in level D protection with Nitrile
gloves used to handle all equipment.

April 16, 1984, Monday

KCS personnel arrived in Charlevoix at approximately 8:30 a.m.
and met with Mr. chongoodoto get Xeys. The weather was Snow,
windy and approximately 30°F.

Water levels were measured in all accessible wells prior to
starting any of the hydraulic conductivity tests.

-2~
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The order of testing was determined to proceed from wells of
low or no contamination into the areas of higher contami-
nation. The order was: 201, 203, 210, 209, S5, 206, T2, 4 and
212, for a total of 9 wells. Table 1 summarizes the results
of this work.

Well 201 was attempted first. We found that the well casing
was not straight and we were only able to get the tube
partially into the water. Because we had to work to get the
tube down, we were unable to measure the decline in water
level (which was occurring as fast as we could install the
tube). Recovery occurred in this well within 3 seconds of
pulling the tube.

In well 203, we could not get the tube down into the water
because ¢f the well construction. Well 210 had been struck by
a car or plow, bending the casing guard and the well casing.
The surface seal was not broken. We were unable to get the
tube in this well.

We altered the order to get well 209 while we were near that
site. Again we had difficulty with getting the tube installed
in the well and 1lost the initial measurements. Upen
extracting the tube, the water level recovered within 3
seconds.

This was the last attempted sample on this day. E. Everett
left Charlevoix and J. Pincumbe stayed to complete the
testing.

April 17, 1884, Tuesday

E. Everett called R. Burke to discuss the results of previous
day's sampling. It was decided to attempt to run tests on
wells 4, 206 and T2 and if they were not successful, to cease
the testing.

J. Pincumbe conducted the tests on this rainy, 34o day.

At well 4, the well casing was crooked and the tube could not
be lowered intc the well. The same conditions existed at well
206.

The testing was completed on well T2 with the results showing
recovery in less than 5 seconds.

J. Pincumbe called E. Everett and it was decided to cancel the
testing.

J. Pincumbe left the site at 10:00 a.m.



L S

"
m m * m

i

o m,”,

Y B oo |

C A

e

Lé

S

1.6 Data Summary

Table 1 shows the results of the field hydraulic conductivity
testing.

Table 2 shows the water level readings taken on April 16,
1984. A groundwater contour map is included as Figure 1.

2.0 GROUNDWATER FLOW PATTERN

Figure 1 shows the groundwater elevations that were made from
the April 16, 1984 data. There are no significant differences
seen between these data and that originally shown in the Task
Technical Memorandum.

3.0 ANALYSES OF HYDRAULIC CONDUCTIVITY TESTS

The tests conducted were unsuccessful for two reasons:; 1) many
wells were crooked or bent which did not allow getting the
displacement tube into the water and even where the tube could
enter the water it could not be forced to sufficient depth,
and 2) the aquifer is highly permeable and recovery rates were
so rapid that only one reading could be taken, and even the
accuracy of that reading was marginal.

The information does indicg}e that the permeability of the
aguifer is over 150 GPD/ft“ as originally estimated in the
Task Technical Memorandum. The monitor wells are screened in
the zones of highest permeability where there is no contami-
nation, and the zones which are contaminated are within this
highly permezble material.

The methodology used to attempt measuring hydraulic
conductivities was inappropriate based on the findings during
the testing. Injection of water into the wells may be
possible, however, one would have to have large volumes
availatle to do the tests and the effect on water guality
would detract from this technigue.

One accurate method of determining the permeability would be
to install a 4-inch well (or larger) with nearby observation
wells and run an aguifer test. The cost and timing would be
justified if purging of the aquifer were considered as a
viable remedial measure.
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Well No.

201
203

210

209

206

T2

212

Table 1

Field Data Summary

Bydraulic Conductivity Testing
Charlevoix, Michigan Remedial Investigation

Date
4/16/84
4/16/84

4/16/84

4/16/84

4/17,;84

4/17/84

4/17/84

_ Pressure Transducer

well crooked

could not get probe
into water

well guard & casing

well crooked
not tested

could not get probe
into well

Readings*
Start End Time Notes
13.6 16.4 3 sec.
bent
12.8 16.2 3 sec.
10.2 13.6 5 sec.

well crocked

could not get probe
in well

not tested

*start readings are those taken immediately upon withdrawing tubes and

end radirgs are static

tube

waTer

levels as measured prior to installing



— ——

S .

o e rowd

[

] [

r— pr—

b

=

Table 2
Pield Data Summary
Water Level Elevations
Charlevoix, Michigan

Date U.S.G.S. Static U.s.G.s.
Well No. Measured Top of Casing Water Level Water Level

1 4/16/84 643.35 16.48 626 .87
2 4/16/84 607.31 24.94 582.37
4 4/16/84 610.00 29.29 580.71
5 4/16/84 628.80 48.36 580.44
6 4/16/84 625.35 40.19 585.16
7 4/16/84 620.43 20.96 599.47
8 4/16/84 626 .90 46. 36 580.54
11 4/16/84 638.00 54.02 583.98
T2 4/16 /94 595.11 14.73 580.38
T6 4/16/84 614.42 31.15 583.27
201 4/16/84 615.66 34.54 581.12
202 4/16/84 613.30 32.10 581.20
206 4/16/84 . 594.41 14.04 580.37
209 4/16/84 611.38 30.00 581.38
210 4/16/84 609.12 28.52 580.60
212 - 4/16/84  ©...08 31.34 580.74
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TECHNICAL MEMORANDUM

TO: Pile

FROM: Isaac Johnson
Bruce Cutright

DATE: August 21, 1984
PROJECT: W65253.00

RE: Charlavoix Remedial Investigation
Phase II FPield Activities

INTRODUCTION

The Thase II field activities consisted of four major efforts:

o) A second round of groundwater sampling and water
level measurements

o] A field inspection of buildings
o) A shailow soil boring program
o A deep soil boring and additional monitoring well

installation program

The Phase II field activities were conducted from July 11
through July 27, 1984. These activities were performed in
partial satisfaction of Work Assignment No. 46-5L83.0.

CROUNDWATER SAMPLING AND WATER LEVEL MEASUREMENTS

Ob+ective

The purpose of the second round of groundwater sampling was
to gather data on trichloroethene (TCE) and perchloroethene
(PCE), or tetrachloroethene, concentrations and water levels
at existing monitoring wells associated with the Charlevoix
site, shown in Figure 1. An additional objective of this
task was to determine variatiorns in groundwater quality and
water levels from previous sampling efforts.

Scope

The scope of the second round of groundwater sampling included
the following:
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August 21, 1984

w65253.00
o] Water level measurements in 21 monitoring wells.
o} Groundwater samples collected from 19 monitoring

wells.
o Three duplicate samples and two blank samples.
All samples were analyzed for volatile organics at California

Analytical Laboratories, Sacramento, California. All samples
were also screened for TCE and PCE in the field using a Photovac

GC unit.

Personnel and Procedures

The existing monitoring wells were sampled from July 11 through
July 13, 1984. The following personnel were involved with

the sampling effort:

Ed Everett - Keck Consulting Services
Jeff Pincumbe - Keck Consulting Services
Robert Hunt - Snell Environmental Group

Water levels were measured in all wells prior to sampling,
using an electric sounder. All measurements were taken from
the top of well casing. The electric sounder and cable were
decontaminated between each well using a solution of tri-sodium
phosphate (TSP) and Charlevoix Township water, followed by a
rinse of Charlevoix Township water.

Monitoring wells were purged by pumping five bore volumes of
water using the Johnson-Keck Model SP-81 submersible pump.
Samples were then collected using a Teflon bailer to fill
three 40-ml volatile organic analysis (VOA) vials. Two vials
from each well were packed in iced coolers according to U.S.
EPA Contract Laboratory Program (CLP) protocol and shipped
via Federal Express to California Analytical Laboratories,
Sacramento, California, on the day the samples were collected.
The third vial collected at each well was placed in a separate
iced cooler for screening with a Photovac 3T unit the week

of July 16, 1984.

Decontamination procedures included two steps to avoid conta-
mination of the sample and well and to minimize the possibility
of cross-contaminating wells. Solutions were used in sequence
to decontaminate sampling equipment. Trisodium phosphate

(TSP) (1 cup of TSP per 30 gallons of water) was used as a
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TECHNICAL MEMORANDUM
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August 21, 1984
W65253.00

decontamination solution. This was followed by a clean water
rinse. All water used in the decontamination and rinse solu-
tions was obtained from Charlevoix Township.

The pump was decontaminated by pumping TSP solution for 5 min-
utes followed by 5 minutes of pumping the clean water rinse
solution. All decontamination solutions were discharged at
the City of Charlevoix wastewater treatment plant the end of
each working day.

A Photovac, portable gas chromatograph (GC), unit was set up

in the Charlevoix County Annex Building basement on July 16,

1984, It was operated by Phil Campagna of Ecology and Envir-
onment, Inc., to screen samples collected from existing monitoring
wells and samples collected from addltlonal borings and wells

for TCE and PCE.

Data Summary

A summary of the sample tracking documentation for the ground-
water samples sent to the contract lab is given in Table 1.
Static water levels and Photovac screening results for TCE

and PCE are given in Table 2. A groundwater contour map for
July 1984 is presented in Figure 1. Contract Laboratory
analytical results are presented in Table 3.

FIELD INSPECTION

Objectives

The purpose of the field inspection was to attempt to identiiy
the presence of organic vapors in buildings, crawl spaces,

and storm drains in the suspected plume areas. A secondary
objective of the field inspection was to search for potential
sources of TCE and PCE contamination.

SCOEG

The field inspection was conducted using an HNU PI-101 photo-
ionizing organic vapor analyzer calibrated to benzene, at

the beginning of each work day. The relative response, for
both TCE and PCE vapors, is approximately equal to 90 percent
of the response for benzene on the HNU.

The inspection, conducted in and arocund the 10 buildings
listed in Table 4, consisted of walking through the buildings
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August 21, 1984
N65253.00

carrying the BNU unit and surveying basements, crawl spaces,
walls, corners, floors, and floor drains.

Personnel

The field inspection was conducted on Monday, July 16, 1984,
and Thursday, July 19, 1984.

On Moncday, July 16, the inspection covered public buildings,
B.J. Goodwin's (formerly Art's Drycleaners) and the Newman
Street Zump. ©Cn Thursday, July 19, private buildings along
the alley east of the middle school and the funeral home
were inspected. The personnel involved with the inspection
each day were:

July 16, 1984 July 19, 1984

Isaac Johnson/CH2M HILL Jack Kratzmeyer/U.S. EPA
Aaron Sussel/Snell Envir. Group Aaron Sussel
Larry Levengood/District

Health Dept. No. 3 Larry Levengood

Data Summary

A summar £ the field inspection activitiesz is presented in
Table 4.

SHALLOW SOIL BORINGS

Objective

The purpose of the shallow soil borings was to collect soil
samples in the unsaturated zone and grcuncwater samples from
the zone just below the water table to ident.ify the source
of TCE and possibly PCE contamination.

Scope

Twelve shallow borings were drilled to approximately 5 feet
below the water table at the locations shown in Figure 2.
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Fifty-two scil samples and 12 groundwater samples were ana-
lyzed for TCE and PCE using headspace analysis with the Photo-

vac unit.

Personnel and Methods

The shallow soil boring activity was conducted from July 17
through July 20, 1984.

The following personnel were involved with the shallow soil
borings:

Isaac Johnson, CH2M HILL - Field Team Leader/Site Safety
Officer

Aaron Sussel, Snell Environmental Group - Sampling Techni-
cian

Phil Campagna, Ecology & Environment - Photovac Operator
Tom Skipper, Reck Consulting Services - Driller

Jeff Pincumbe, Keck Consulting Services =~ Driller

Shallow soil boring locations were chosen based upon previous
data from the existing wells. 1Initial locations were selected
to intersect the areas of highest known TCE concentrations.

As borings were completed and groundwater samples screened

for TCE and PCE with the Photovac, additional locations were
selected in areas expected to be closer to the source of TCE
contamination.

The borings were advanced using a Mobil Prospector drill rig
mounted on a small garden tractor and 3-inch-diameter, solid-
stem continucus flight augers. Scil samples were collected
using standard split spoons and a 140-pound drop hammer.
Groundwater sampl.es were collected by driving a 2-inch-diameter,
2-foot-leng, stainless steel well point screen and 2-inch-
diameter galvanized pipes to a depth approximately 5 feet
below the water table. The Johnson-Keck Model SP-81 pump

was used to purge the galvanized pipe for 10 minutes and the
sample was taken with a 2-inch Teflon bailer. Sample vials
were then placed in an iced cocler until they could be analyzed
using the Photovac.

The split spoons and the pump were decontaminated between
samples using a TSP solution and a clean water rinse. The
augers and drill rig were steam cleaned between each boring.



e

2 OFRa G K am e e

o

e

T

r
A

[ Y

—

TECHNICAL MEMORANDUM

Page 6
August 21, 1984
w65253.00

Field Data Summary

Boring logs for the shallow borings are included in Attach-
ment A (to be added at a later date). A summary of static
water levels, groundwater sample depths, and Photovac results
for groundwater samples is shown in Table 5. No TCE or PCE
was detected using headspace analysis on any of the soil
samples collected in the shallow borings.

DEEP SCREENED AUGER BORINGS AND ADDITIONAL MONITORING WELL
INSTALLATIONS

Objective

The purpose of the deep borings and additional monitoring
wells was to further assess the extent of the TCE and possibly
the PCE plumes. Secondary objectives of this effort were to
assess the highest concentrations of TCE at or near the source,
determine the width of the plume, and install additional

wells for groundwater elevation measurements.

Scope

The scope of work involved installing five additional wells

in eight additional borings (Figure 2.) Four wells (315,

316, 317, and 320) were installed using 3%-inch-~diameter

hollow stem augers. One well (319) and the other three borings
(213, 314 and 318) were advanced using a 3%-inch-diameter
screened hollow stem auger. In these borings water samples

were collected as the borings were advanced, to obtain concen-
tration data with depth.

Personnel and Methods

The deep screened borings and additional monitoring wells
were installed July 23 through July 27, 1984. The following
personnel were involved with this effort:

Isaac Johnson/CH2M HILL

Robert Hunt/Snell Environmental Group
Harjit Sidhu/GMC Drilling

John Simmer/GMC Drilling

Dave Paholak/GMC Drilling

GMC, Inc., of Northville, Michigan, provided a Mobile B-52
truck-mounted drill rig and a three-man crew. The boring
and well locations were selected based upon previous data
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from the existing wells and the shallow borings, completed

the preceding week. The boreholes for borings 313, 314, 318
and 319 were advanced with 3k-inch I.D. hollow stem augers,
with the lead auger screened. Auger cuttings were examined
by the drill crew and the hydrogeologist. Groundwater samples
were collected at the intervals listed in Table 6. The proce-
dure for groundwater sampling was as follows:

o The augers were air developed at the selected inter-
val to remove sand and silt from the screened section.

o Five (5) casting volumes of water were pumped from
the augers with the Keck SP-81 sampling pump at a
rate of approximatelv 1 gpm.

o) Groundwater samples were collected using both the
Keck SP-81 pump and a 2-inch stainless bailer or
as noted in Table 6.

o Samples were taken in VOA vials and transported to
the Photovac unit for analysis of TCE and PCE con-
centrations.

o) The air line, sampling pump, and bailer were decon-

taminated between samples using a TSP solution and
a clean water rinse.

(o} One monitoring well was installed in a screened
auger boring (319) for groundwater elevation measure-
ments. The other four monitoring wells were installed
using conventicnal 3%-inch I.D. hollow stem augers.
The well locations were chosen to confirm the areas
of high TCE concentrations and for groundwater
level measurements. The wells were developed and
sampled using the same procedure as for the borings.
The drill rig, augers and tools were steam cleaned
between each boring.

Field Data Summary

Boring logs and well construction sheets are included in
Attachment A (to be added at a later date). A summary of
sample depths and Photovac results is shown in Table 6.

GLT441/72
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Table 1
SAMPLE IDENTIFICATION MATRIX
SECOND CONTRACT LABORATORY PROGRAM SAMPLING ROUND
CHARLEVOTX, MICHIGAN RI

Ohatn of
ma Date Date Adrbill Sample Custody

r Sampled Shipped Number Tag Number Wumber
CVX-GL-206-2 07/11/84 07/11/84 473500160 5-51366/5-51367 $-9210
CVX-GL-104-2 07/11/84 07/11/84 473500160 $-51368/5-51369 5-9210
CVX-GL~102-2 07/11/84 07/11/84 473500160 5-51370/5-51371 3-9210
CVX~GL-005-2 o7/11/84 or1/11/84 473500160 5-51372/5-51373 59720
CVX-GL-~008-2 07/11/84 07/11/84 473500160 5-51374/%-51375 $-9210
CVX-GL-008-2D 07/11/84 07/11/84 473500160 5-51378/5-51379 5-9220
CVX~GL-291-2 07/11/84 07/11/84 473500160 5-51376/5-51377 3-9210
CVX-GL-001-2 07/12/84 07/12/84 473500171 5-351380/5-51381 s5-9712
CVX~GL~003-2 07/12/84 07/12/84 473500171 $-51382/%5-51383 $-9211
CVX~-GL-007-2 07/12/84 07/12/84 473500171 5-51384/5~51385 S-9n)
CVX-GL-006-2 07/12/84 07/12/84 473500171 5-51386/5-51387 5~921)
CVX-GL~011-2 07/12/84 07/12/84 473500171 5-51388/5-51389 S-9211
CVX-GL-011-2D 07/12/84 . 07/12/84 473500171 5-51390/5-51391 3-9211
CVX~GL-105-2 07/12/84 07/12/84 473500171 5-51392/5-51393 S-91
CVX-GL-106-2 07/12/84 07/12/84 473500171 5-51394/5-5139% 5-9212
CVX-GL~002-2 07/12/84 07/12/84 473500171 . 5-51396/5-51397 5-9212
CVX-GL-201-2 07/12/84 07/12/84 473500171 5-51398/5-51399 $-9212
CVX-GL~-202-2 07/12/84 07/12/84 473500171 5-51400/5-51401 5-9212
CVX-GL-202-2D 07/12/84 07/12/84 473500171 5-51412/5-51413 $-9212
CVX-GL-209-2 07/12/84 . 07/12/84 473500171 5-51402/5-51403 $-9212
CVX-GL-210-2 07/12/84 07/12/84 473500171 5-51404/305140% $-9212
CVX-GL-292-1 07/12/84 07/12/84 473500171 5-51410/5-51411 5-921)
CVX-GL-004-~2 07/13/84 07/13/84 615271554 $-51406/5-51407 5-9214
CVX-GL-212-2 07/13/84 07/13/84 615271554 5-51408/5-51409 5-9214
CVX-GL-212-2D 07/13/84 07/13/84 615271554 5-5141k/5-51415 S-921A
CVX-GL-292-2 07/13/84 07/13/84 615271554 $-51416/5-51417 5-9216

Note:

Case No. 1171E
All semples sent to Califcrnia Analytical Laboratories

GLT441/73
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Date
Sampled

1/32/84
1/12/04
1/12/88
7/13/06
1/11/04
1/12/84
1/12/04
7/11/84
1/12/06
1/12/04
1/711/06
7711/8%

1/33/84
1/12/04
1/12/84
1/12/84
1/12/06
1112/
1/11/04
1/12/86
1/12/8
1/13/04
7/13 /84
7/11/84
112/84

*Not detected

GLTM41/78
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Sample of Wumber

CVX-@r-001-1
CVX-G¥-002-2

Ccvx-ar-102-2

CVX-GF-104-2
CVx-0r-10%-2
CVX-GF-104-2
Cv1-ar-201-2
Cvx-G¥-202-2
CvX-Cr-202-20
CVX-QF-206-2
CYR-Gr-209-2
CVE-G¥-110-2
c-cr-212-2
CVx-Gr-212-20
CYR-Gr-191-2
CVI-GF-291-2
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Wall
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Table 2

FIKLD GROUWDWATER DATA SUMMARY
SECOND CLP SAMPLING ROUMND
CHARLEVOLX, MICRIGAM R1

Statis Water Level

“Yeot Telow Flevat{on
Top of Casing n.s.L.
29.86 613.49
14 .54 192.77
S4.38 $86.78
28.71 583.29
A8.07 180.73
39.92 383.4)
21.58 598.85
46.08 580.02
$3.73% 894,25
33,78 564,28
15.84 58: .09
14,54 58(:.57
6.79 58¢. 21
29.28 583.67
.78 383 64
34 .04 $81.52
31.48 s81.62
11.48 381.62
14.00 $80.41
29.41 581.97
17.84 581.28
30.86 581.22

30.86

$81.22

e~

Ve Ly ww s AP

om o B BED B3R S 5 e e

Sanpling Trichloroethene-TCE
_Fathod (Concentration-ugfl)
Bxiled 1
Batled .
Bailed L4
Batied BTVY
Bailed -
Bafled -
Batiad .
Bafiled s
Batled ]
Bailed s
Bailed (1)
Bafled -
Bafled 1
Batled *
Bailed 23
Bailed 15
Railed 10
Batlad 200
Bafled 3
Batled )
Bailed 422
Bailed 406
Bafled .
Bailed L]

Yatrachklorosthens or
Perchloroethene -FCE

(Concentration-ug/L) Commoycy

*

1.%
.
»
»
.
*
*

1%

194 Tield foate
-. Ret sanp
- Not sempled-well essing

bont

L]
*
L]
L ]
*
. Pield dupliaste
L]

119
23
«
. riald duplieate
* Field dlank
* rield blenk
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Laboratory

Well Sample Tetrachloroethene or

Numbe r Number Trichloroethene (TCE) Perchloroethene (PCE)
CVI-GL-001-2 1171ES07 * *
CVX-GL-002-2 1171ES14 * 16
CVX-GL-003~2 1171ES08 * *
CVX-GL-004~-2 1171ES19 960 5.5
CVX-GL-005-2 1171ESO4L * *
CVI-GL~006-2 1171ES10 * *
CVX-GL-007-2 1171ES09 * *
CVX-GL~008-2 1171ES0S 10 *
CVX-GL-008-2D 1171EDOS 10 *
CVX-GL-011-2 1171ES1] de 880
CVX-GL-011-2D 1171ED11 15 1,30
CVX-GL-102-2 1171ES03 14 *
CVX-GL-104-2 1171ES02 * *
CVX-GL-105-2 1171ES12 * *
CVX-GL-106-2 1171ES13 * *
CVX-GL-201-2 1171ES15 25 *
CVX-GL-202-2 1171ES26 13 *
CVX-GL-202-2D 1171ED16 1?2 *
CVX-GL-206-2 1171ES01 - -
CVX-GL-209-2 LiTiEST”T SK 150
CVX-GL-210-2 1171ES18 * 35
CVX-GL-212-2 1171ES20 510 *
CVX-GL-212-2D 1171ED20 580 *
CVX-GL-291-2 1171ERO6 * *
CVX-GL-292-1 1171ER21 * *
CVX-GL-292-2 1171ER22 *
*Not detected above limits
All concentrations are expressed in ug/l.
'K' - indicates compounds detected at approximately the detection limit.

GLT&b1/ 74

ZTable 3

SECOND CONTRACT LABORATORY PROGRAM SAMPLING ROTMD

GROUNDVATER ANALYSTS
CHARLEVOIX, MICHIGAN RI

Comments

Trans-l,

2-dichloro-

ethene-5K

Results

Acetone

Acetone
Acetone

not received-8/21/84

9.8 ug/L

69 ug/L
47 ug/L



W ond W o S

ld4ing or Locstt
Cownty Annex Buflding

County Puilding

City Nell and Pirs Station

B3.J. Goodwin'e
(tormerly Art's Drycleshetrs)

Nevmen ft. Dump Site

GLT&AL/76-1

R ARPTAR s

1 A

:”—.1 :—'__: :t-r,u-a;g b ' - ' ki m
Table &
FIELD INSPECTION SUMMARY
CHANEVOIX, MICHIGAN RI
Date and Bin Readings
Tine ppn-Bquivalont
Mdress Surveyed Arsas Surveyed _to
103 Antrim St. 7/16/84-0900 Outside of buiiding in yard 0.6
Basemsnt
- bathroom ceiling 2.2
- utility cioset 1.2
- Building Inspection Offices
- cailing 2.2
- sorthesst office 3.0
- north room . 1.0
- yecord storsgs room ..5
Antrim St. R 7/16/84-0%30 Outside of building fm yerd e.2
Basement
- hall next to vaults 0.0
- boller room workshop 0.4
- furnace room 0.2
Mason St. 1/16/84-0%45 Basenent
- east storage room 0.5-1.0
- Police storage room 6.0-12.0
- outaide of Police storage roomw 1.0
- ctewl space nasr stairvay 0.3
- woman's lounge 0.5
230 Antrim St. 1/16/84-1020 Basemant
- along walls 0.5-0.8
Sack storage room
- general areas 0.3
- §-inch drain 300
- small drains slong vest wall 10-120
Back shed
- along dirt floor 0.3
Outside slong edge of buildinge 3.0-7.3
Newman St 7/16/84-1110 Wall T3 0.0
Surface soil around site 0.0

H

Dratins fovmerly weed for dry-
clesnings
No loagsr baing seed
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Tsble & (continued)

Dete and W Aesdings
Time ppe-Lquivaieant
Building or Location Mdress Surveyed Areas Surveyed t [ 7Y
Charlevoix Middle School Grant 8t. 7/16/84-1330 Veut “:L
- nor st cormer cravlspace 0.3 4-fost balaw flese Jevel
northwest cormer cravlspace 0.3 Crawiopases all very dey and
duaty
Reszg
vorth well crswlepece 0.5
Resepnnt
- botler reom and lewndry roos 0.3
- clasning equipment storage rees 1.0 Siight cleaning sulvenk el
- floor draia mesr north eatrence
to dasement 0.3
Outelde
fuel otl tenk veat 09.)
- playground stora sewer im the
treck infleld 0.0-0.2
- monitoring Well No. & 0.0
- monitoring Well Mo, 212 0.0
Winchester's Puneral Nowe State St. 1/19/84-1600 Basemant
- genersl sves, walls, floors ..0
Garage
« general area 0.0
- floor dratn 3.3
Jack Gordon Residencs 206 Clinton St. 1/19/84-16% Metal garsge behind house 0.0
Rick Blemso Residence 204 Clinton St. 7/19/84-1648 Basemant of house 0.0
Mrs. Barry Wood Residence 207 Mason St. 7/19/84-1700 Basenent snd crswlepace of house Q.0
202 Clinton St. 7/19/84-1715 Shed snd barm behind house 0.0

GLT4A1/76-2
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Soring

mutueng
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*hot detected

GLT&AY /77

Date

Sampled

117/
1A
/18708
1730/06
1/18/84
7/18/06
119/04
1/19/86
1/19/84
1/19/88
1/19/84
1/22/84
1(20/%%

ls_Wumber
CYI-Gr-301-0%0
CVX-GF- ¥1-03)3
CVX-GF - 901-03)
CVX-GF - 304-03)
CVX-GF - 303-03)
CVX-Cr-306-033
CVX-CT7-307-033
CVX-G¥-308-03)
CVE-GT-309-033
CVK-GF-309-033D
CVI-GF-310-013
CVX-G¥-311-03)
CVX-Gr-112-03)

evnd " - 14 v '] Bl Scporl

Table 3

SHALLOW BORING FIELD GROUNDMATER DATA SUMMARY
CHARLEVOIX, MICRIGAR WX
Croundwater
Level (Teet
Sample BSalow Ground Sampling
Depth Surface MHethod

»’ % .9 Bail
bE N .3 Bail
b: N %.3 Bail
b2 L 256 Beil
" .2 Beil
3 27.2 Seild
3y 2.3 tetl
3 28.2 | 713
3y 5.3 | 133
b3 L 3.3 Bail
1y . Said
Iy 9.1 Betl
3y 1.8 | 7381

P

Trichloroethens~TCR

B e

rati
1%

» ; » e

»

9212

"]

192
119

o

2

D q

Tatrechliacssthons o¢

w o o o w8 o

$ «

(prpvy

. m s e g mmemre e

Nrpe gee——
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Boving/
Well

313
31)
313

N4
p1TY
piT Y
poTY
N&
ns
ns
s
s
ns
318
ns
ns
pib)
38
ns
ns
1ns
ne
e
e
36
n?
nz
n?
n?
ne
"ot datected

GLIMAL/78-1

Dets

Sompled

1/23/84
1/13/%
1/23/8%

/oA
/2704
b2 7Y

1m0
7/20/8h
b127Y )

/]84
/0
T/

1/13/8A
118/
1/13/85

1/25/%4
1/35/98
1/25/84

1/25/04
1/33/84
1/213/8%

1125/
1/25/8
1/15/84

Wailil
1/26/8%
Y/26/%%

1/26/88
T/26/04
7/26/ %%

r/26/08
T{26/04
7/26/86

Semple Wumber

CVX-GF-313-030A
CVX-CF-313-0308
CVX-Cr-313-030C

CVI-CF~-314-0404
CVX-GV-314-0408
CVX-C¥-314-040C

CVE-GF-31A~030A
CYI-Gr-314-0308
CVX-GF - 314~030C

CVX-CF- 314-0604
CVX-GF-314-0608
CVX~GF-114-060C

CVX-GF-313-725A
CVE-GP-3135-72138
CVI-GP-315-723C

CVE-GF-313-725CD
CYX-GP-315-1238D
CVX-CF-313-RB1

CVX-GF-315-R87
CVX-GF-313-m8)
CVX-Gr-315-R84

CVX-CF-315-RBS
CVX-CF-313-0B6
CYX-Cr-313-RB7

CVR-GF-316-726A
CVX-GF-316-7268
CVI-GF-3146-726C

CVX-GT-316-726AD
CYX-GF-317-726A
CVX-GP-317-7268

CVX-GF-317-726C
CVK-GT- 317-081
CVE-GF-318-47A

Table &

NEW WELLS AND DEEP BORINGS FIELD GROUNDMATER DATA SUMMARY

Ssmple

Depth
m-
m‘
”l

40°

9
39
39

39
bl L
38’
38

47

CHARLEVOTX, MICHIGAM R1

Tetrachieroethene or

Ssupling Trichiotosthene-TCR Parchlorostiene-PCE
Mathod (concentration-ug/L) {concentration-ug(L) Soumaats
Pump 61 L}
h-' 67 [ Hith ven ongies sunniag
et 59 b} Hich ven ongise off
Pumg . .
L ] -«

Iul( * .
Pump 31 .

i .
o i :
Pump 178 .

130 *
Bat 179 .
Pusp 643 . Well installed 7/30/00
Prump 19 .
Ball 554 hd
Batl 509 .

M «
m 3 . Rinse water blank
Pump 1 L4 Rines vater blenk
Pump 13 . Rinee weter Dlank
Puayp 1 * Rinss water blask
Pump . * Rinee weter blank
Pump 2 . f{nee wtor dlowk
Pumg . . Rines weter blank
Pumy . 13 Wall isetalled 7/13/00
Bafled A 14
Pump . 1

- 19

:‘: 2 23 Well inetalled 7/23/08
Punp 1 n

g
-
-
~
»
w

ii
g
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Boring/
Well
Wombey

p7 ]
s
M

ns
PV ]
s

s
ns
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s
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319
1
ny
320
ot detected

GLY&AL/T8-2

—

Date
Sampied

7/26/86
1/26/0A
1/26/86

1/26/04
1/26/84
12w/

1/26/86
1/26/04
1/16/%

1{2/h
1/26/0%
/00

1/26/86
1/18/96
1/16/84
/27786

———a———y
B Ay g

le Wumber

CVE-GF-318-470
CVX-GF-)18-47C
CVX-GF-318-RD)

CVX-GF-318-RB2
CVX-GF-318-0B)
CVX-CF-318-62A

CVX-GF-318-629
CYX-GF-318-62C
CVX-GF-318-6240

CVI-GF- 118~ 618D
CVI-QF-318-42°0
CVX-GF-319-474

CVX-GV-319-478
CVX-GF-319-40A
CYE-GF-319-608
Cvi-Gr-320 27

Sample
Depth

A
LY

62’

62
2
42

2
62
LY

A7t
60’
$0°
60"

Tsble & (continued)

Sampling
Mathod

TSN NI

Trickloroethane-TCR

{concentration-ug/L)

319
319
*

L
-

456
h76
420
11
13
24

)

Tetrachloroethene or
Parchiloroethane -PCR

‘CmﬂllltmﬂL!

-
[ ]
L ]

L 4

elB8 wes

Rises water blask

Py

Well imetalled 7/27/0%
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S 1 52 ‘ —T
| Wet, fine to medium, brown SAND 3]
with traces of silt and fine _
gravel -
: -
56
57
58
Y
r;-
- 62
63
64
5
6
A0 N I S R
&8 |
L 69'0" ‘ &9 - -t
(< Wet, fine to medium, brown 70
R SAND with traces of silt !
‘ : . : 71
j
) 73
7a
T, )
;-
L. R
. L
; TYPE OF SAMPLE REMARKS: o . . B o . CROUND VATER OBSERVATIONS . '{:__“..':
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oL - oame___l12/18/83
= c _ SURFACE SLEV.
: e =13 "'"s""l wmrch| samrd.| %
"5 | Vet, fine to medium, drown SAD - -
i with traces of silt ' .
§7)
' B2
- o8
- [
86
87
()
R )
93' 0" ; -
- END OF BORING 94
L .L
96 .
97
98
99
o 100
101
TYPE OF SAMPLE REMARKS: : - S . ... CROUND WATER OBSERVATIONS
8. «OIsTURSED A Sl anmdet Lo C ey et D Ll
VoL cUNDHT. Lingh o T TOORITRETT | g gecounTErg AT ST pr. T e
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" Ground Surface —

Loawe
Fael
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or

2* PVC Pipe
(flush joint)

¥

- Natural Seoii -
(hole collasped)

Z” PYC Well Screen
(flush joint, .006 slot)

END OF BORING ACTUALLY 930"

Steel, 4" 00, Guard Pipe {locked)

ncrete ~0'0"

6-1--Bentonite Grout

— 20'0"

_38!0"

- 48' Q%

B#210

19720 GERALD, NORTHVILLE. A8 48167 - (313) 3e8-4228

Sketch of Well Installation

Charlevoix Monitoring Wells ;,;Ai;

GMC Job No. HG-83015
N.T.S. s
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reeed

[

Hioawo. _HE-8301S _ emosser ___ Jevolx - Monitoring Wells SURFACE ELEV. __
: I- SOR McPTEN W e Y PSS Y
J BN i IPSATL i
"] | Meist, fine to medium,dark brown ] =4
SAND with traces of silt
! . .
4 — !
|
60" 1 .
| Moist, fine, brown SAND with some
! silt and traces of c‘lqy
8'0" |
| Moist, fine, brown SAND with 11ttle .
i silt |
1
|
f 11
| T2
| 13 T
l
; 14
' 13 _
) i) I
: 17 T B T
£} 7 i
i ] i
i 19 : ‘
; 20 ! _
! . 2] f .
fezror b 57 7
| ‘ Moist, fine, brown SAND with 1{tt]e 3 =
silt and fine grave] o _— !
I 24 ! |-
t 1 1B !
! 1
. 25
| : L
TYPE OF SamPLl | REmaRKS: KHole carved from 27' - 87°. | GROUND WATER OBSERVATIONS
‘E:':g:;;:.'::" Grouted from 27' to the sur ace. oon. Encounteneo a7 29'  rr. - 6 ms.
L e et et Tos < O 100 S | S0 AP0 comrcron 280 77, 3k




C2 &3 o= o

g - son. oLscaPTIOR ton (Dt e [T | &
27"6""4 44
.1 -Wet, medium to coarse, brown SAND 28
* - ) “with some fine gravel and traces
1 of silt. - 29 — e
31
} 3
| , L
‘ 3 e
37
38'0" 38
I
Wet, medium to coarse, brown SAND 39
with traces of fine gravel and silt.
’ LAl 2
: ¥4 -
' 43 .
i ]
44 ]
b 45
? [
7
]
TYPE OF SanPLE REMARKS: . .. GROUMD VATER OBSERVATIONS  ~-.:
0. -DisTURSED RS ‘ B T LSRR 0o SR N, SR
::.::::&v':r: ‘ R 6.¥. ENCOUNTERED AY T T .
£55PLIT 5000N | Steadend Ponoietion Toot = Deiving 77 00 Sempler 1" Wi | &% APTER COMPLETION . . '#T. - Mt
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;onn& _HG-8301S - rmosmer .___'Blﬂmk__mndm_kux___ SURFACE ELEV.

' - $on scacurnen hrﬁ- N e --“3 Q‘J ’
' _i Wet, medium to coarse, bm -4 | 4 - '
' ; with traces of ﬂm gnvﬂ and st}
| R | 5
| g SR I - | J 57
! i %
! E ) 57
§ )
A ﬁ o 59
E N | | 3 )
| R | B3
[ . BT
' ' . - 67 d
ﬁ ' | . | 581 -
! ' - :
{' ' i ' - 59
L | ; 71
' 72
B4
i 73
| R -
: {
] : { - : 0 '
: TYPE OF SanrLE RENARKS: ‘ - e GROUND WATER O8SKRVATIONS
"] 6. =OisTUNGED O i i o .
U. :-:.-u-onv. ool I LT - | e.m encounteren ar . v T s
s.s.':::::}':.;::' Stenderd Posetretion Tast « Driving I 00 Sampler 1° With | &-¥- APTER COUPLETION Y. - Wy




- -»3 N [ PR

.o TR e e

»
. e ] ‘. R :: .
T ¥ - . ‘“-"' e B 1 - . N
- » AL ‘ FORM-GI~6~0 . - . LOG OF SON DORING N§

'.‘.,_._',;N'Gmc Roodates inc. S hagedota S 8421

oare12-15-83

rlevoix - Monitoring Wells  ‘suasacs sav.
[yeeroT—— tgn |t | M | mPer | el | X

Wet, medium to coarse, brown SAND ~
with traces of fine gravel and siit 78

19

81

85
86

87'0" | B7
END OF BORING

89
50
9i
9¢
93
94
95
A . 96 "
| 97

9
99

100

101

. ! - ‘ee . . ‘ o "

j T |
TYPE OF SAmPLE REMARKS, , : e
0. ~OisTURSCO . . . . ) : . ‘ ) » .
bbbty " : : | ewencointengoar o rr. . Tws
' G.W. AFTER COMPLETION N A N . ms.

£.5. =3PLIT SPOON Staonderd Ponetration Tost = Driving 2™ 0D Sempler V' With .
148 7 Mommos Folling 30°°: Count Made At 6 lntervels 9.9. AFTER Nns. rv. s,

GROUND WATER OSSERVATIONS -~




e R OISR S P e BN D R B R e
| | o ey

-i.\

%

| e

PR} e .

. ! i"(’;.‘\.

SURFACE ELEV.

" LOG OF SO BOMNG ¥8

. B#1Z
DATE =

: I . MY
. iMotst, fine to medium, Sark browm 1
~ |SAND wilh traces of siit -
. . _ :
A 3
4'0° ) B R
Moist, fine to medium, gray SAND 5
with traces of silt
6'0" ! ‘ 6 ]
Moist, fine tc medium, bm SMD
with traces of silt . )
8 _J
. |
1
| 0
!
; 1]
,? 12
j 13 T
1400 | T2 -
i
{ Moist, medium, 1ight brown SAND 5
; with traces of silt L
; 16 I I
: ] A
i i7 | : —
| 18 - |
' y }
I 19 | -
' | |
| 20 | g
! 2 1 -
i s !
‘ , . 22 B :
N 23 .
| -
i 24 : !
i | : !
: 25 ;
J
:.YP!:.:?SMPLI Iw GROUND 'A.T!l OBSERVATIONS
. - uRsEgD LI . :
Ju.LeumonT. Lingr| - S . o.w. tncountengo ar  28' srv. 5" s
L:;‘::::u‘r':-;::‘ Standend Ponetrerion Toat — Driving I 0D Sewplos I' Wish | O-¥: AFTER COMPLETION 7' FT. 6% ms

£ o ==




W o

— e S =

FORN-GIC~6~0 LOG OF SON. DOAINS N0,

BUNEDS + ICBMGTS « KONRMSTS o MURERNS "9‘12 of 4 - Mz
19720 GERALD, NORTIVRLE, 18 49967 + Gt JB0ull .oate _J2-18-83

»~m“ : - Charleyoix = Nonitoring WellS ™ sumrace eLev.

emc Modobuhc.

308 SEICUPRIN et Yo LA 2 YRS
’ﬁﬁ vy
28'C"°
"Wet, fine to medium, brown SAND . ;
with 1ittle silt and fine gravel i T T
31
34
3/
| =
' 39
40
' 37 -
i ; ’
42'0" : ' ‘ 37 -
{ Wet, fine to coarse, brown SAND T
f with little fine gravel —+
! | ' ]
: ' 45
:
it 1
T
- 1 |
i R -1
TYPE OF SanPL 2 REMARKS: GROUND WATER ORSERVATIONS
8. =OsTyunReed . : N - R .
:.:' ::::t:‘:' ::::: SN -7 | s.w. ancountange At rr. . ms
S “$PIT SPo0n. | Sendsed Pesetroran Tast < Driving I° 00 Somplor I o | &% APTER COumLETION  py.  mm




emc R.aodobedlc. | pmeace9 L0606 SN bemae .
I A R R
" oo, . HB-83015 fm___ﬂaﬂmil_mnm:lm.km__uvmcm
i S ——— N S el AT
- —
i

-s
-

Wet, fine to coarse, brows SAND 18
with 1ittle fine gravel

1)

[ |

P - 58
[} - 59
| .
E
‘ | 53
[ c
5
3
[ | %
_i b/ :
| 58 1
' |
F '. 1 69
: | ;
| - 7
. 7L
i 7
| B i 74 _
- s 1
B ¢ 16
. | i
" jTYre of samrpLg REMARKS: . ’ S GROUND VATER OBSERYVATIONS
ﬂ " |o. -ousrunsen o R o e
o (SbcunoaT. LmeRy ST ‘ . 0.¥. ENCOUNTERED AT A ms.
’ tl:::f.‘fl’é‘é:' Stenderd Posetretion Tost = Driving 7 OO $_apler I' With | S:¥: APTER COMPLETION Fy. s
C.W. APTER nAs. FT. s ]

VB Mamaas Palline 30 Coavat Mads At §°° [ntervels



. . . AR
’ .

b el

"] 0. ~oisrumsto o S

ﬂGmCRﬂOdowm ~ Page 4 of &

- e i S WP U

'lﬂﬁﬂfSﬂllﬂllll

. mmmu« ““ ' ““ 2-15.83 e
 oewo. M6-830)S  smoscr . Charlevolx - Monitoring Wells  sumsact suav.

o ] | WS

e .

%_'

Wet, fine to coarse, brown SAND

with T1ittle fine grave!

79

81

85

8/

88'Q"

END OF BORING

9l

9

93

94

95

96

97

98

99

100

101

; : 3
| ]

TYPE OF samPLE REMARKS:
V.b.=UNOIST. LINER
$.T. ~snugLeY TUSEL

14072 Mamuae Fallina 30 : Coavat Made A1 8 laservels

. GROUND WATER OBSERVATIONS

[N I

G.¥. ENCOUNTERED AT
G.W. AFTER COMPL ETION

S5 =$ALIT $POON Setonderd Ponotreticn Teat « Driving 2™ OD Sempler 1° With G.w. APTEA nas.




2% PVC Pipe i
_ (fush Jotat)
TETE
B

Natural Soil

(hole coliasped)

~ 2" PYC Well Screen

(flush joint, .006 slot)

-y

"END OF BORING ACTUALLY 'ag-a&

Steel, 4" 0D, Guard Pipc (Iocked)

+*2°'6"
Concrete

Borehole

""r-— Bentonite Grou:

|
|

|

n—w?._ 28' ou

~ 516"

mmmuw m:o-u- L

MZIZ Sketch of Well Installation =

-~ .

» Charlevoix Monitoring Wells
_ 6% Job No: H6-83015

SNT. S PSS

T e




